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A1l | NTRODUCTI ON
A.1.1 SCOPE

ESA, in the frame of the METOP Preparatory Progranme and EUMETSAT, in
the frame ofthe EPS Programme, are jointly undertaking the

devel opment of a European polar orbit satellite system for

operational neteorology and climate monitoring. This system is
intended to conplement the NOAA PCES System

The present docunent establishes the requirements for the METOP-1
satellite system which apply to the industrial proposal to be
established for the System Phase B. It is anticipated that this
docunent will be the basis for inplenentation (Phase C/D) of the
METOP-1 programme, subject to changes resulting from the work carried
out in Phase B.

Wiere the term "system" is used in this docunent, it shall be taken
to mean the METOP-1 satellite system including its interface to the
Gound Segnent as well as to the launch vehicle. It shall not, unless
otherwise specifically stated, be taken to include the EBPS G ound
Segnent which does not form part of the present requirenents.

A 1.2 MSSI ON BACKGROUND AND OBJECTI VES
Al21 I ntroduction

METOP-1 W ll fulfil a conbined operational neteorological and
climate nonitoring mssion in a polar low earth orbit. It
provides the conplenent to the ENVISAT mission and conpletes
the mssion objectives of the original PCEMI| nission. METOP-1
shall be launched end-2000 and will fulfil the European
comitrment to provide the "morning" service for operational
met eorol ogy, replacing the long standing service from NOAA
PCES. NOAA will continue with their existing "afternoon"
service.

METOP-1 Wi ll form part of EUMETSAT's EPS system In this,
EUMETSAT is responsible for the definition of the overall
s%stem and the devel opnent of the operational ground segnent,
the procurenent of the |aunch services and the execution of the
operation phases, including recurrent satellites. ESA in
addition, 1is being responsible for the devel opnent ofthe Space
Segment, develops an applications ground segment.

A.1.2.2 Mssion_ Qutline

The METOP-1 nission addresses two nain objectives:

. to ensure continuity, inprovement and availability for
operational purposes of neteorological observations from
the "nmorning" polar orbit;

to endow Europe with an enhanced capability for the
routine observation of the Earth from Space for long-term
climte nonitoring.

The Onerational Meteorology nission responds to the European

coomtrment towards NOAA, to replace the "mornming" service of

the POES system by providing an instrument conplenment which
mat ches that carried by the "afternoon" service from NOAA. In
addition an advanced infra-red sounder will be enbarked which
will provide inproved pre-operational data to the operational
met eorol ogi cal  community.
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The dinmate Menitoring mission is intended to fulfil

requirenents related to the global study and nonitoring of the
Earth's climate system as expressed by international co-
operative programes such as GCOS, IGBP and WCRP. This second
objective is conplementary to the climate nonitoring provided
by ENVISAT.

In addition to the two main objectives, MEBTOP-1 nmay have the
additional mssions of providing a humanitarian service (Search
and Rescue) and a space environnental nonitoring function.
These additional nissions are treated as options, wthin the
present Phase B definition.

Missions Beyond METOP-1

It is intended that, as part of the EBUMETSAT EPS programme, a
recurrent nodel of METOP-1, METOP-2, will be procured.

Toget her, METOP-1 and METOP-2 w |l assure an operational
service over a 10 year period.

METOP 1 and METOP 2 will be identical.

It is further intended that the EPS programme will be extended
further, and other recurrent nodels wll be procured to cover,
probably a further 10 years.

The content of this extended programme, as well as the degree
of recurrence of the satellites, remains to be determ ned.
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A2  DOCUMENTS

A.2.1 CONTEXT OF SATELLITE SYSTEM RRQUIREMENTS

The present docunent, the Satellite System Requirenents

Specification, defines the technical requirements for the METOP-1
satellite. These requirenents are defined within the frame of ESA and
EUMETSAT agreenents, as well as agreenents between ESA and/or
EUMETSAT and other partner organisations, which serve to define the
EPS system which enconpasses METOP-1.

These agreenments are not directly applicable to the present document
except where specifically identified, however it is the Agency's
intention to ensure a full coherence of the requirenents.

A 2.2 APPLI CABLE DOCUMENTS

The follow ng docunments are applicable to these requirements to the
extent specified herein. Were conflicts arise between the applicable
docunents and this specification then the indicated order of
precedence shall apply.

For conflicts between this document and applicable docunents
identified as "equal level", then the conflict shall be brought to
the attention ofthe Agency for resolution.

The latest issue of the applicable document shall pertain unless
otherwi se identified.

(Note: Applicable Product Assurance docunents are listed in Annex B.)

A221 Higher Llevel Docunents
AD1 The Contract
AD2 MO- WS- ESA- PM 0022 The Statenent of Wrk
A 222 Bqual Level Documents

AD3 MO- RS- ESA- PA- 0024 Product Assurance Requirenents
(Annex B of SOW

AD4 MO- | S- ESA- SY- 0025 Satellite/Gound Segnent
Interface Requirenments (Annex C
of SOW

AD5 Ariane 4 Users Manual

AD6 Ariane 5 Users Manual

AD7 CCSDs- 301. 0-B-1 CCSDS Unsegnented Tine Code
St andard

ADS ESA- PSS- 04- 107 Packet Tel ecommand Standard

AD9 ESA- PSS- 04- 106 Packet Telenmetry Standard

AD10 ESA- PSS-04- 105 Radi o Frequency and Mdul ation
St andar d

AD11 ESA-PSS-04-104 Ranging Standard

AD12 ESA- PSS-04-100 Advanced Obiting Systens,
Network and Data Standards

AD13  ESA- PSS- 04- 151 Tel econmand Decoder Specification

AD14 ESA-PSS-01-301 Derating Requirenents and
Application Rules for Electronic
Conponent s

AD15 ESA-PSS-01-401 ESA Fracture Control Requirenents

AD16 MSFC- DWG 20MD2540

AD17 TBD HRPT/LRPT Requirenents

AD18 TBD Encryption Requirenents

AD19 EPS/MCP/SPE/92005 RF Equi pnent for DCS and S&R

AD20 NASA SSP 30425 Space Station Program Natural
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AD21 UAG-82

AD22
AD23

AU24 M L-STD-1750A
AD25 M L- STD-454M
AD26 NASA TM-82478
AD27 RS-CSG Ed No.3(1)

AD28 M L-STD- 1576

AD29  ESA- PSS-05-0

Lower Level Documents
AD30 MO RS- ESA-M -0018
AD31 MO RS- ESA- SC- 0019
AD32 SPE 1211368015

AD33 SPE 1228361-000
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Bnvironnent Definition for Design
International Reference

| onosphere, IR S6

Goddard Earth Mdel (GEM-T1)
Wrld GCeodetic Standard 84
(WGS84)

Mlitary standard Sixteen Bit
Comput er Instruction Set Standard
Standard General Requirenents for
El ectronic Equi prent

Space and Planetary Bnvironnment
Criteria

Regl enents de Sauvegarde - Safety
Regul ati ons

El cctro-expl osive  Subsystem
Safety Requirenments and Test

Met hods for Space Systens

ESA Software Engi neering

St andar ds

MIMR |nstrunent Requirenents
Speci fication

ASCAT |Instrunent Requirenents
Speci fication

Bnvisat Avionics Interface
Specification, 1Iss. 2, Rev. B
Polar Platform EMC Requirements
Speci fication

AD34 MMS/MET/TN/JLD/160.94 Instrunent interface Control

AD35 PO- RS- DOR- PL- 0008
AD36  MO- DS- ESA-M - 0001

AD37 CD/1945/CMM

A. 2.3 REFERENCE DOCUMENTS

Doounent TBC

Sof tware Bngineering Standards

M MR Instrunent |Interface
Specification for a GCeneric
Spacecr aft

Interface Control Docunent
between the Data Relay System and
the Polar Platform

These docunents are to be consi dered as guidelines where called up.

RD1

RD2

GSFC- S-480-77

EPS/MCP/SPE/92001
EPS/GRE/REQ 93002

EPS/MHS/SPE/93002
Ul I SGE-1S-2617547

Ul I SGE-1 S-2624483

Ul | SGE-1 S-20029950
Ul I SGE-1 S-2265780
Ul I SGE-1 S-3267402
Ul I SGE-1 S- 3267401
Ul | SGE- 1 S-2295546

Ul | SGE- 1 S- 3267400
ESA- PSS- 04- 108 (draft)

Low Resolution Picture Transm ssion and
H gh Resolution Picture Transm ssion
(LRPT/HRPT) Ceneral Specification
Specific Requirements to HRPT and LRPT
for EUM Pol ar M ssion

EPS Gound Segnent Technical

Speci fication

MHS Interface Control Documnent

AVBU Al Unique Instrument Interface
Speci fication

AMSUA2

AVHRR/3

HIRS/3

DCS

S+R Processor

StR Repeater

SEM

Advanced Obiting Systens, Network and
Data Standards

Marshal Engi neering Thernosphere (MET)



RD1S
RD16
RD17
RDi1i8

RD19
RD20
RD21

RD22
RD23
RD24

RD25

| S-3267415
IA-TN-1.01.-61-1PT
PO- TN- ESA- SCA- 0072

SP-7-1
MSFC- SPEC- 250
M L- BDBK- SD

M L- BDBK- 17A
M L- BDBK- 23A
PP.LI.ALS. M . 001

ESA SP 1138
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Model

ATN-KIM Ceneral |/F Spec.

IASI Instrunent Data List

ScaRaB Data List

Qzone Monitoring Instrunent

Announcerent of Qpportunity

DRS Satellite Performance Specification

Metallic Materials and Elenents for
Aerospace Vehicle Structures

Polymer Matrix Conposites

Structural Sandwi ch Conposites

|\1/|9|£\)/Ff Interface Data List, 31 August
The Multifrequency |naging M crowave
Radi ometer Instrunent Panel Report
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A.3 MSSI ON ASSUMPTIONS
A.3.1 MSSION PHASES
The phases of the METOP nission are identified in the follow ng
Sections. The design of the Satellite shall be conpatible with these
phases, taking account ofthe constraints induced by the |auncher and
the nunmber and visibility of ground stations.
A.3.1.1 Launch and Barlv Orbit phase(LEOP
The LEOP shall include the followi ng events, starting at the
switch-over from ground-supplied power to the Satellite
internal batteries:
Internally powered pre-launch phase, during the count-
down;
. Launch phase, from the launch itself until the separation
of the Satellite from the |auncher;
Acqui sition phase, including:
. Attitude rate reduction, coarse attitude
acquisition, fine attitude acquisition;
Sol ar array deployment and eventual start of
rotation;
Instrument and other appendage depl oynent;
Obit correction phase, in which the rnanoeuvres from the -
injection orbit to the noninal orbit are perforned;
Initial switch-on, in which conmunication is established
between the Command and Control Subsystem (CCS) and ot her
Satellite subsystens;
Payl oad functional check-out, in which the basic
functions and health of the payload is verified.
A.3.1.2 Commissioning Phase
The Conmissioning Phase shall have a noninal duration of three
months, during which the payload shall be brought into a fully
operational state in which the performances and mneasurenent
quality are known and controlled. Relevant adjustnments may be
made to the payload operational parameters or software to
optimse performance. Specific activities shall include:
Calibration of instruments;
Verification of instrunent nmeasurenents;
Characterisation of instrument perfornmance;
Qptinisation ofon-board operations.
CGeophysical validation of products (not wunder Contractor
responsi bility)
A 3.1.3 Rout i ne Phase

During the Routine Phase the instrunents shall

operate
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nominal Iy, except during mjor orbit manoeuvres. Mdification
of payload operating paraneters or software is not foreseen
during the Routine Phase.

.1.4 Emergency Phase

In the case of major failure which could endanger the survival
of the Satellite the follow ng sequence is foreseen:

On-board anonaly or failure detection;

Automatic transition to a survival node;

Gound diagnosis during subsequent ground station passes;
Recovery to the Routine Phase under ground control.

1.5 Disposal Phase

The Disposal Phase will occur at the end of the Satellite
operational life. During this phase METOP shall be nade safe by
venting all remaining on-board fuel.
2 _OPERATI ONAL ENVI RONVENT
Information on the METOP ground segment is provided in RD3.

3 INTERFACE ASSUMPTI ONS

3.1 Launch Facilit
Interface to the facilities to the launch site are defined in
ADS andAD6.

3.2 Launch Vvehicle

Interface to the Launch Vehicle is defined in Section A 4.7.
3.3 G ound Segment

Interface to the ground segnent is defined in AD4.
4 PAYLOAD COMPLEMENT

The METOP-1 payload conplenent shall be as defined in Tables 3.4.1
and 3.4.2.

The detailed requirements per instrument are defined in Section A5
of this specification.

Wiere options are identified for instrunents, details are provided in
AD2 for the relevant tasks.
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‘Payload Item Mission Purnished
. by
Advanced Very Global Imagery, Global Sounding; NOAA
High Resolution (ESA CFI)
Radiometer Ocean Meausrements (SS), Clouds and
(AVHRR/3) Earth Radiation Budget, Land
Measurements.
High Resolution | Global Sounding; NOAA
Infrared (ESA CFI)
Sounder At mospheric Mnor Constituents (Qzone).
(HIRS/3)
Advanced Global Sounding; NOAA
Microwave (ESA CFI)
Sounding Unit/A | Sea Ice.
(AMSU- A, AMSU-
A2)
Microwave Global Sounding; EUMETSAT
Humidity (ESA CFI)
Sounder MHS) cloud and Earth Radiation Budget, Sea
Ice.
Advanced ARGOS Data collection and location; NOAA/CNES
DCS-2 (ESA CFI)
Collection of Climate Data.
Infrared Global Sounding (Improved Sounding CNES/ASI
Advanced Capability) ; (ESA CFI)
Sounding
Interferometer Ocean Measurements (SST), Clouds and
(IASI) Earth Radiation Budget, Atmospheric
Minor Constituents, Land Measurements.
Search and Humanitarian M ssion. NOAA
Rescue (S&R) (ESA CFl)
[al
Space Monitoring of the | ocal Spacecraft NOAA
Envi r onnent Radi ati on Environnent. (ESA CFI)
Monitor (SEM)

[a] Not in the baseline

Table 3.4.1a: Payload Conplenent

and M ssion




Doc.No.: MO- RS- ESA- SY- 0023

Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-23
Climate Mission Furnished
Instrument by
ASCAT (Advanced | Ocean Measurements (surface stress and Part of
Scatterometer) surface wind) METOP-1
Programme
MIMR Ocean Measurements (SST), Land Part of
(Multifrequency | Measurements (Snow Cover, Soil METOP-1
Imaging Moisture, Sea Ice (extent), Cloud and Programme
Microwave Earth Radiation Budget (Cloud Ligquid
Radiomter) water) Precipitation (Parameterisation)
Ozone Atmospheric Minor Constitutents (Ozone NIVR/ASI
Monitoring content and Profile, minor (ESA CFI)
Instrument constituents) .
ScaRaB (Scanner | Cloud and Earth Radiation Budget CNES
for Radiation (Clouds, Radiation Budget, Albedo) (ESA CFI)
—
Table 3.4.1b: Payload Conplenent and M ssion
A 3.5 LIFE TIMBR, AVAILABILITY AND RELIABILITY
A.3.5.1 Life Time
The satellite shall be designed for a nomnal life termin

orbit of 5 years following an on-ground storage of 5 years
conditions to be specified by the Contractor).

(under

The in-orbit lifetinme refers to the capability of
to provide sufficient resources to ensure orbit and attitude

Payl oad operation and payload data transm ssion over
the sp ecific period. The factors affected include consumables
and Ilfe limted itenms (fuel, solar array output

control,

control

the satellite

power, thernal
surfaces, lubricated mechanisns, high power

tubes, high

vol tage power supplies). A margin of at least 1 year shall be
included in the dinmensioning of these elenents.

Reliability/availability requirenments are not

life time specification.

A 3.5.2 Availability

The satellite will

considered in the

be designed to provide an in-orbit

availability of greater than 97.5% TBC over the life tine,
after commi ssioning.

The defi

the required measurenent

t herefor
control

Rel i abi |
avai | abi

nition of the availability is taken as the probability
of the satellite and satellite to ground links providing all

data to the ground segnent,

and

e includes the effects of manoeuvres required for orbit
and naintenance as well as link outages due to, e.g.,
atnospheric effects. The requirenent includes the effects of
cosmc ray induced single event upsets.

ity requirenents are not to be considered
lity specification.

in the
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Qut ages caused by c¢PE shall not be considered.

In-flight operational anomalies due to operational error or
ground station malfunction or non-availability are not included
in this specification.

Reliability

The satellite shall provide the nominal required support to the
payload instrunents with a probability of 752 over the
specified life, including the launch phase.

Further, for Contractor Procured instruments, they shall
individually provide a nomnal performance with a probability
of 80o% (TBC) over the specified life.

These requirenents exclude the reliability of the launcher and
separation systens, and the ground segnent or operational
procedures. Failures (of redundant elements) are permtted
within these definitions.
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A4  GENERAL SATBLL|TB REQUIREMENTS
A 4.1 DEFINITIONS
The following definitions shall apply:
Satellite consists of the Platform and Payl oad Mdul e.
Platform is equivalent to the Service Mdule (which contains power
suppl y/storage, AQCS, Propulsion, Central CCS system inclusive TT&C).
Payl oad Mdul e consists of the payload supporting hardware:
structure, thermal control, power distribution and payload data
managenent .
Pavl oad consists of Payload Mdule and Instrunents.
A 4.2 PAYLOAD MODULE (PLM) AND PAYLOAD ACCOMODATI ON
A.4.2.1 General Reguirements
The functions of the PLM are
. provide structural support to all instruments during
launch and in orbit
ensure nonminal operation in all nodes
transmit acquired neasurenent data to ground segnent
The necessary subsystenms to provide these functions are
PLM structure (Payload Carrier including specific
interface hardware)
PLM Thermal Control (internal units and instruments)
PLM Data Handling Subsystem (LRPT/HRPT, X-band, data
storage, multiplexing, formatting, encoding)
PLM Command and Control (bus system and interfaces)
. PLM Electrical Power Subsystem (control and distribution)
Additionally the antenna, associated RF equipnent and harness
for the DCS shall be provided by the Contractor, according to
AD19.
Ad.211 Interfaces PLM/instruments
Interface boundaries between PLM and instruments are as
given by the instrument ICDs and definition in RD15. The
physical interface is at the mounting flanges/pads at the
instrument and the power/data connectors). Deployment
devices needed for antennae are interface hardware. Bus
couplers to connect spacecraft data/command and timng
buses and networks with individual instruments shall be
part of the PLM even if installed physically in or on
the instrument.
A-4.2.1.2 Interface8 PpIM/Platform

Hardware accommodated on the PLM which performs tasks in
the scope of the platform (e.g. AOCS sensors such as
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earth and sun sensors, part of thrusters and related
piping, hold down points of the Solar Array, gyro
package) shall be treated as part of the platform

Har dwar e accommodated on the Pl atform which perforns
tasks in the scope of the payload (e.g. instrunents,
antennas) shall be treated as part of the payload if
connected to the electrical interfaces of the PLM.

Pavl oad Module Design Reguirements

The PIM shall neet the requirements of Section A 4.9, Section
A.4.10 and Section A.4.11.

The PLM shall be designed to be geonetrically, structurally,
andthermally decoupled from the platform to the extent
possible. It shall ideally form a functionally self contained
unit with mninmm electrical, nechanical, and thermal
interfaces to the platform so as to ensure that the PLM can be
assembl ed, integrated, and tested as far as possible and
transported independently from the platform

!

The design ofthe PLM shall be nodular at the level of the
various payload conponents (including instrunents and

i nstrument subassenblies) with well defined and m ninal
interfaces so as to sinplify system level tasks of transport,
integration and testing.

The PLM mass properties (mass distribution and CoG) in |aunch
and flight configurations shall be conpatible with those
platform requirements which guarantee launcher conpatibility ~
and attitude control performance.

The PLM configuration should present ninimm interferences, as
far as possible, with the thrusters and antennae fields of view
and ensure an unobstructed field of view for the platform
attitude sensors, and the sensors and radiators of the
instruments, for all nission phases.

PLM Structure
The PLM structure shall provide:

adequate access to PLM equipnent, electronic boxes, test
points and connections and their mounting interfaces for
mai nt enance, nmounting and denounting

. attachnent points to satisfy PuM to platform interfaces

. provide adequate stability with respect to setting and
creep phenonmena in order to keep the relative alignnent
between attitude sensors, actuators and the instruments
within the limts derived from the attitude mneasurement
accuracy and the mssion requirenents

. alignnent references as required to satisfy instruments
and platform alignnent

. mat hematical nodels for the structural analysis of the
PLM shall be conpatible with that of the platform to
allow easy conbination into an overall spacecraft nodel

. Materials used for the structure shall be selected on the
basis of overall system optimsation, ease of nanufacture o
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A.4 GENERAL SATELL| TE REQUIREMENTS

A.4.1 DEFINITIONS
The following definitions shall apply:
Satellite consists ofthe Platform and Payload Module.

Platform is equivalent to the Service Mdule (which contains power
supply/storage, AQCS, Propulsion, Central OCS system inclusive TT&C).

Payload Mdule consists of the payload supporting hardware:
structure, thermal control, power distribution and payload data
management .

Payload consists of Payload Mdule and Instrumnents.

A.4.2 PAYLOAD MODULE (PLM) AND PAYLOAD ACCOMODATI ON

A.4.2.1 General Regquirements

The functions of the PLM are

provide structural support to all instruments during
launch and in orbit

ensure nonminal operation in all nodes
transnit acquired neasurement data to ground segnent
The necessary subsystens to provide these functions are

PLM structure (Payload Carrier including specific
interface hardware)

PLM Thermal Control (internal units and instruments)

PLM Data Handling Subsystem (LRPT/HRPT, X-band, data
storage, multiplexing, fornmatting, encoding)

PLM Command and Control (bus system and interfaces)
PLM El ectrical Power Subsystem (control and distribution)

Additionally the antenna, associated RF equipnent and harness
for the DCS shall be provided by the Contractor, according to

AD19.

A4.2.1.1 Interfaces PLM/instruments
Interface boundaries between PLM and instrunents are as
given by the instrument ICDs and definition in RD15. The
physical interface is at the nounting flanges/pads at the
instrument and the power/data connectors). Deploynent
devices needed for antennae are interface hardware. Bus
couplers to connect spacecraft data/command and tining
buses and networks with individual instrunents shall be
part of the PLM even if installed physically in or on
the instrument.

A.4.2.1.2 Interface8 pLM/Platform

Har dware accommodated on the PLM which perforns tasks in
the scope of the platform (e.g. ACCS sensors such as
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earth and sun sensors, part of thrusters and related

pi ping, hold down points ofthe Solar Array, gyro
package) shall be treated as part of the platform

Hardware accommodated on the platform which perforns
tasks in the scope of the payload (e.g. instrunents,
antennas) shall be treated as part of the payload if
connected to the electrical interfaces of the PLM

Pavl oad ©Mbdul e Design Regquirements

The PLM shall neet the requirements of Section A 4.9, Section
A 4.10 and Section A-4.11.

The PM shall be designed to be geonetrically, structurally,
and thernally decoupled from the platform to the extent
possible. It shall ideally form a functionally self contained
unit with ninimm electrical, nechanical, and thernal

interfaces to the platform so as to ensure that the PLM can be
assenbled, integrated, and tested as far as possible and
transported independently from the platform

The design of the PLM shall be nodular at the level of the
various payload conponents (including instrunents and

i nstrument subassenblies) with well defined and nininal
interfaces so as to sinplify system level tasks of transport,
integration and testing.

The PLM mass properties (mass distribution and €CoG) in |aunch
and flight configurations shall be conpatible with those
platform requirenents which guarantee |auncher conpatibility
and attitude control performance.

The PLM configuration should present nininum interferences, as
far as possible, with the thrusters and antennae fields of view
and ensure an unobstructed field ofview for the platform
attitude sensors, and the sensors and radiators of the
instruments, forall mission phases.

PLM Structure
The PLM structure shall provide:

adequate access to PLM equipment, electronic boxes, test
points and connections and their mounting interfaces for
mai nt enance, nounting and denounting

attachment points to satisfy PM to platform interfaces

provi de adequate stability with respect to setting and

creep phenonena in order to keep the relative alignnent
between attitude sensors, actuators and the instruments
within the limts derived from the attitude neasurenent
accuracy and the nission requirenents

. alignment references as required to satisfy instrunents
and platform alignnent

) mat hemati cal nodels for the structural analysis ofthe
PLM shall be conpatible with that of the platform to
allow easy conbination into an overall spacecraft nodel

) Materials used for the structure shall be selected on the
basis of overall system optiniaation, ease of manufacture
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A4 ENERAL UIREMENTS
A 4.1 DEFI N TI ONS
The following definitions shall apply:
Satellite consists of the Platform and Payload Modul e.

Platform is equivalent to the Service Mdule (which contains power
supply/storage, AOCS, Propulsion, Central CCS system inclusive TT&C).

Pavl oad Mdul e consists of the payload supporting hardware:
structure, thermal control, power distribution and payload data
management .

Pavl oad consists of Payload Mdule and Instrunents.

A 4.2 PAYLOAD MODULE (PLM) AND PAYI OAD ACCOMODATION
A4d4.2.1 Ceneral Regquirements

The functions of the PLM are

provide structural support to all instrunents during
launch and in orbit

ensure nonminal operation in all nodes
transnit acquired neasurement data to ground segnent
The necessary subsystens to provide these functions are

pMstructure (Payload Carrier including specific
interface hardware)

PLM Thermal Control (internal units and instruments)

PLM Data Handling Subsystem (LRPT/HRPT, X-band, data
storage, nultiplexing, formatting, encoding)

PLM Command and Control (bus system and interfaces)
PLM El ectrical Power Subsystem (control and distribution)

Additionally the antenna, associated RF equipnent and harness
for the DCS shall be provided by the Contractor, according to

AD19.

Ad4.2.1.1 Interfaces PLM/instruments
Interface boundaries between PLM and instrunents are as
given by the instrument ICDs and definition in RD15. The
physical interface is at the mounting flanges/pads at the
instrument and the power/data connectors). Deploynent
devices needed for antennae are interface hardware. Bus
couplers to connect spacecraft data/comand and timng
buses and networks with individual instrunents shall be
part of the PLM even if installed physically in or on
the instrunent.

A4.2.1.2 Interface8 PLM/Platform

Hardware acconmodated on the PLM which performs tasks in
the scope of the platform (e.g. AQCS sensors such as
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earth and sun sensors, part of thrusters and related
piping, hold down points of the Solar Array, gyro
package) shall be treated as part of the platform

Har dwar e aeccommodated on the Pl atform which perforns
tasks in the scope of the payload (e.g. instrunents,
antennas) shall be treated as part of the payload if
connected to the electrical interfaces of the PLM.

Pavload Module Desidn Requirements

The PLM shall meet the requirenents of Section A 4.9, Section
A.4.10 and Section A.4.11.

The PLM shall be designed to be geonetrically, structurally,
and thermally decoupled from the platform to the extent
possible. It shall ideally form a functionally self contained
unit with mninmm electrical, nechanical, and thermal
interfaces to the platform so as to ensure that the PLM can be
assenmbl ed, integrated, and tested as far as possible and
transported independently from the platform

[4

The design of the PLM shall be nodular at the level of the
various payload conponents (including instrunents and

i nstrument subassenblies) with well defined and m ninal
interfaces so as to sinplify system level tasks of transport,
integration and testing.

The PLM mass properties (mass distribution and CoG) in |aunch
and flight configurations shall be conpatible with those
platform requirements which guarantee |auncher conpatibility
and attitude control performance.

The PLM configuration should present ninimm interferences, as
far as possible, with the thrusters and antennae fields of view
and ensure an unobstructed field of view for the platform
attitude sensors, and the sensors and radiators of the
instruments, forall mission phases.

PLM Structure
The PLM structure shall provide:

adequate access to PLM equipnent, electronic boxes, test
points and connections and their mounting interfaces for
mai nt enance, nounting and denounting

. attachnent points to satisfy PLM to platform interfaces

. provide adequate stability with respect to setting and
creep phenonena in order to keep the relative alignnent
between attitude sensors, actuators and the instrunents
within the limts derived from the attitude mneasurenent
accuracy and the mssion requirenents

. alignnent references as required to satisfy instruments
and platform alignnent

. mat hematical nodels for the structural analysis of the
PLM shall be conpatible with that of the platform to
allow easy conbination into an overall spacecraft nodel

Materials used for the structure shall be selected on the
basis of overall system optimsation, ease of manufacture
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and cost), EMC and AlV aspects, thermoelastic
eformations and other factors to be defined by the
Contractor.

PL¥ Thermal Control

The PIM thermal control design shall provide the PLM elenents
with the required tenperature environnent to ensure reliable
performance during the required lifetime. It also shall satisfy
alignnent and collocation restrictions inposed by the
instruments. In particular instrument requirenents for
radiation cooling shall be taken into account.

The pLM shall be decoupled thernally (radiative and conductive)
fromthe platform to the best extent possible.

Mat hematical nodels for thermal analysis of the PLM (including
instruments) shall be conpatible with that of the platform to
be easily conbined into an overall spacecraft nodel.

The material selection and detailed design for the PLM thernal
control shall take into account other requirements such as EMC.

PLM Flectrical Distribution

The PLM El ectrical Power Subsystem shall neet the requirenents
of Section A 4.9.

PLM Data Randling

The Payload Data Handling Subsystem shall neet the requirements
of Section A 4.5.

Payl oad Accommodation

The pLM shall have flat exterior walls to maxinise instrunment
mounting locations but permt smoth load path transitions.

The PLM shall present as large a volume as possible to
internally accormodate high power electronics (preferred at the
outer walls) and |low power electronics (shear walls if needed).
Margins in wolume shall be identified whenever possible in

order to allow the accommodation of optional instrunents.

The locations of instrunents and internal and external PLM

equi pnent  (antennae, depl oyment nechanisns) shall be optimsed
with respect to unobstructed optical and thermal fields of view
(between instrunents as well as by deployed antennae), co-
alignment requirenents for instruments, electromagnetic
interferences, thermal loads for different nodes, nass
distribution and balance, harness guidance and mninisation of
losses in RF and power |ines, grounding.

Provisions shall be taken to acconmodate units on or in the PLM
which functionally are a part of the platform (AOCS sensors,
thrusters and piping, hold down points for solar array, gyro
package, as required).

AND ATTITUDE REOQUIREMENTS

A4.3.1

O bit
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Reference Orbit

METOP shall be able to operate in the follow ng reference
orbit for the overall duration ofthe m ssion

. Type: Near-Polar Sun-Synchronous
Repeat Cycle: 5 days
Mean Local Solar Time: 09:00 h TBC

. Longitude of Ascending Node: 0.0 deg
Cycle Length: 71 orbits

The orbital paraneters for this reference orbit, wth

respect to inertial frame Mean-of-Date System 52000. 0,

are:

. Sem - Major axis: 7197.939472 km
Eccentricity: 0.001165
Inclination: 98.704663 deg

. Ri ght Ascension of Ascending Node: 55.835595
Argunent of Perigee: 90.00000 deg
Mean Anonaly: 270.133359 deg
Date: 1Jan 2000

. Tinme 0.875015 (fraction of Julian day)

Operational O bits

In addition to the reference orbit, defined in Section

A 4.3.1.1, METOP shall be capable of operating in all

sun-synchronous orbits with sem-major axes in the range

7169.059 to 7217.355 km (corresponding to altitudes at

ascending node of 796 to 844 kn) TBC.

O bit Tolerance

The reference orbit of Section A.4.3.1.1 shall be

mai ntained, by neans of orbit nmeasurements and nanoeuvres

calculated by the ground segment, within the follow ng

tol erances over the whole mssion lifetine:

J Mean Local Solar Tine: +/- 5 nine (TBC).

. The ground track of METOP traced on the earth never
to deviate by nore than+/- 5 km (TBC) from the
ground track corresponding to the ideal sun-
synchronous orbit, at the selected reference
altitude.

Note: the ground track is the sub-satellite point with

METOP executing local normal pointing (defined in Annex

H), excluding pointing errors.

Comput ations of drag shall assume the F10.7 and Ap val ues
defined in Section A 4.0.3.1.1 -
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Orbit maintenance shall be achieved as far as possible by
nmean5 of in-plane manoeuvres.

The requirenents of this paragraph nay be relaxed
following the evolution of operational requirenents.
However the Contractor shall use these requirements as
the design case.

O bit Maintenance Manoeuvres

METOP shall be able to operate in the reference orbit,
and execute orbit naintenance as above, without deviating
from specified payload support and perfornance
requirenents defined in this docunent. This does not
apply to out-of-plane manoeuvres required for inclination
control.

Obit State Vector

METOP shall provide information in the downlink from the
PDHS which shall enable ground stations to restitute the
ground location of neasurenents. This shall, nomnally,
be performed by including, in the science telenetry, an
appropriate ascending node state vector, as well as tine
correlation information required to synchronise on-board
time to DTIC. These data shall be assumed to be uplinked
from the TT&C ground station in advance. The processing
of this infornmation to provide the ground |ocation
information is the responsibility of the individual
ground stations. In the case that a GPS systemis
embarked (see "OPTIONS', Section A.9) then the processed
position and tine information from the GPS system shall
be downlinked at a 1Hz (TBC) resolution.

In this case (GPS Option) the platform shall generate and
distribute to the payloads and to ground, a tine-tagged
orbit state vector, expressed in Cartesian elements, with
an update frequency of 1Hz. The orbit state vector shall
be available at the instrument interface not earlier
than, and not later than one second after, its validity.

Day/ Ni ght rlags

Ti me- Tagged &y/night flags shall be provided by the
platformto the payload and to ground.

Equator-crossing flags may also be required (TBC).

The flags shall be available at the instrunent interface
not earlier than 2 seconds and not |ater than one second
before their validity.

O bit Prediction (TBC)

It shall be assunmed that orbit prediction data over a

subsequent 24 hours shall be provided by the ground
segment within the follow ng accuracies:
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3 Sigma Accuracy Position (m) Velocity (m/s)
Radial 30 0.955
Along-Track 920 0.029 I
Across-Track 15 0.016 n
A.4.3.2 Attitude Control and Measurement
A-4.3.2.1 Yaw Steering

METOP shall provide a yaw steering capability (usuall?/
called Yaw Steering Mde, ¥sM) which shall continuously
align a main longitudinal reference axis al on? the ground
track vector as traced by the MITOP sub-satellite point
on the earth, instead of aligning it with the flight
vector in orbit.

It shall be possible to activate/deactivate yaw steering
once per orbit.

The platform shall provide a flag to ground giving the
state of the yaw steering.

Yaw steering is further described in Anmnex H of the SOW

A.4.3.2.2 Rut h Poi nting Attitude

METOP shall, in all operating orbits, continuously
maintain an ideal earth-pointing attitude with the
following characteristics:

the nomnal earth viewing direction is the Local
Normal Vector from MRTOP, with respect to earth as
defined by the reference ellipsoid WGsS84, with
equatorial radius 6378.137 km and obl ateness
coefficient f = 1/298.257223563.

. when yawsteering is off, a main axis of MITOP
shall be aligned with the ideal flight vector, i.e.
in the idealized orbit plane. This shall be called
Fine Pointing Mde, FPM

A-1.3.2.3 Adjustnment of Control Loops

METOP shall pernit nodification of the attitude control

| oops by software updates in orbit. METOP shall, for this
purpose, be capable of transmtting, on demand from
ground, attitude control loop instrunentation data
sufficient for on-ground reconstruction of attitude
control loop characteristics and satellite disturbances.

In addition to the above, it shall be possible to adjust
the bias pointing of the satellite (through ground
command) by up to 0.5 degrees about each satellite axis.

A.4.3.2.4 Attitude Error Cone

Angular rates on separation from the |auncher, and the
Contractor-defined LEOP sequence of Rate Reduction Mode
and Coarse Acquisition Mde, shall result in an attitude
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error cone about the nomnal operational attitude. The
Satellite shall be designed to be conpatible with this
condi tion.

Attitude Tolerances

The following definitions of attitude terns shall be
used:

Pointing accuracy is the deviation of the actual pointing
vector from the ideal pointing vector, at any instant.

Pointing stability is the algebraic difference between
the greatest and smallest instantaneous deviation of the
pointing vector in a given time w ndow.

Pointing rate accuracy is the difference between the
i nstantaneous rate of change ofthe actual pointing
vector and the rate of change of the ideal pointing
vector at the sane instant.

For the nominal pointing vector one operational case
| ocal verti cal

Pointing Performance
each
" Satellite Axis Pointina Reguirement (dea) |
 —— ————— |
Pitch 0.120
Rol | 0.120
Yaw 0.150

Contributing paraneters to the mspointing shall be
conmbi ned using the rules defined in Annex H of the
SOW.

Nom nal Pointina Know edge

The following pointing know edge tolerances between
the nonminal attitude and the attitude ofeach

pavlioad instrument interface are allowed.

Satellite Axis Knowledge Requirement (deg)
Rol | 0.120 “
Yaw 0.150 “
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Contributing paraneters to the pointing know edge
shall be conbined using the rules defined in Annex
H of the SOW

Nominal Pointinu Rate Accuracy

The pointing rate about any axis at the instrunent
interface shall not exceed 0.003 deg/s.

This rate shall include all disturbance torques
(internal and external) acting on the satellite,
ageing over lifetime and distortions generated by
the environment.

Pointino Stability
No requirement.

Poi ntinu_Bxceotions

METOP shall maintain its nonminal earth pointing
node as required for payload operations during
orbit muintenance operations, with the followng
exceptions:

. Pointing errors are permtted to increase for
snmal | along-track mnanoeuvres during
mai nt enance thrusting. Nominal pointing
performance shall be regained within 2
mnutes from the end of thrust.

Pointing errors are permtted to increase for
large orbit manoeuvres during maintenance
thrusting. Nominal pointing perfornmance shall
be regained within 3 orbits from the end of
thrust.

. CQut of orbit-plane nanoeuvres may also be
executed with an attitude deviating from an
earth pointing requirenent, provided they can
be conpletely executed during eclipse, such
that sensitive payload instruments do not
becone exposed to solar illumnation or to
albedo of the illunmnated earth when METOP
takes the non-nomnal attitude.

Instrunent  Co-alionnent

In orbit, AMSU Ai/A2, HRS, |ASl and MHS are
required to be co-aligned with respect to AVHRR.
To achieve this, the relevant instrument interfaces
shall nmaintain a relative nmispointing, with respect
to the AVHRR interface, of |ess than 0.020 deg
about each axis (TBC).

AOCS 8izing

Fol lowing the |aunch of wMeTOP, small orbital nanoeuvres
will be allowed so that unwanted torque disturbances
generated during thruster firing (e.g. due to thruster

m smatch) can be characterised. The use of such
characterisation nanoeuvres can be considered when sizing
actuators (wheels).
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Propul sion shall not be used for attitude control durin%
nom nal payl oad operations. AGCCS sizing (wheels) shall be
such that saturation shall not occur under extrene
neutral atnmosphere atnospheric environnental conditions.
For the design case, for actuator sizing, the followi ng
values shall be assuned:

CGeonmagnetic index Ap: 400
Solar Flux F10.7: 370 (TBC)
AOCS Safe Mode

The Platform shall offer a sun pointing capability, which shall
be an integral part of the Satellite Safe Mde (see Section
A.4.4.2), such that, in this mbde, the METOP +z axis always
points towards the sun, within an error cone of 8 deg during
sun-1ight phases. Wen leaving eclipse, the error cone angle
may be up to 20 deg. but this shall be reduced to 8 deg within
500 sec from eclipse end.

In addition to the nomnal operational configuration the Safe
Mde shall be conpatible with the follow ng additional ASCAT
configurations:

both depl oyable ASCAT antennas stowed in their |aunch
configuration;

one depl oyable ASCAT antenna stowed in its launch
configuration and the other latched in its nom nal
operational configuration.

If Safe Mdde is invoked during a depl Oﬁrrent it shall be
EOSSI ble to conplete the deploynment (through ground conmand)
efore full activation of the Safe Mde.

Depointing Signal

In FPM and YSM METOP shall provide to the instrunents a
depointing signal, via a dedicated depointing signal line, DSL,
whenever the satellite exceeds the nominal pointing by +/-1
deg about any attitude axis.

This function shall be available even in the case of CCS
failure.

The time between DSL activation and a satellite node transition
shall be conpliant with the tine the instruments need to reach
a safe condition.

Initial Obit Acquisition

METOP shall be able to acquire the initial operating orbit
after separation from the Ariane launcher with the orbit
injections errors, attitude angles and rates identified in AD5
andADG, conpensatin? for all nominal dispersions. These
requirements apply for alaunch at any tine within the
nominal |aunch w ndow.

METOP shall be conpatible with a launch w ndow of 10 mnutes
every day.

The initial operating orbit shall be reached in less than 10
days after separation from the |auncher.
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Propulsion

meToP Sshall provide a propulsion system with which it shall
achieve and naintain the reference orbit, defined in Section
A.4.3.1.1, and other orbits as defined in Section A 4.3.1. 2,
within the required ranges, defined in section A.4.3.1.3. METOP
shall have thrust and propellant storage capabilities for:

Obit acquisition, as defined in Section A 4.3.5.

. Mai nt enance of the operating orbit wthin specified
ranges for 6 years.

. Support the derived requirenents of Safe Mdde (Section
A 4.3 32 and other thruster ACCS nodes (in the event of
other failures).

. I naccuracy in the fuel-gauging method.

The Contractor shall ensure that the plume inpingenent is
within allowed contamnation and satellite disturbance limts.

At the termnation of the mssion the satellite shall have the
capability to expel all remaining fuel.

A nmethod offuel mass gauging shall be provided.

Instrument Deployments

Shock |oads due to appendage or instrunent deployment shall be
compatible with the ACCS, active in one of its nom nal

operating nodes (thruster or wheel) and with the solar array ~
drive mechani sm unl ocked.

A 4.4 OPERATI ONAL REQUIREMENTS

A.4.4.1

Ad 411

A4d.4.1.2

Satellite Nodes

The Satellite shall at all times be in a clearly identified
state, or Mde, of both hardware and software. Transitions
between nodes shall be controlled, and allowed/ non-allowed node
transitions identified. As a mnimum the follow ng classes of
nodes shall be identified:

Launch Mode

The Satellite shall be in Launch Mde from the noment of
transfer of power provision from ground to the on-board
batteries, until the end of the initial activation and
depl oyment sequence of the platform during the LECP, with
the solar array deployed and rotating and the reaction
wheel s unl ocked.

Platform Nom nal MNodes

These modes correspond to the nomnal operating node of

the platform where, following LEOP, it can provide all

the services required in this requirement specification.

This nmode may be achieved with the nominal or redundant 8
elenments. Specific nodes within this class shall be Yaw
Steering Mdde, Fine Pointing Mde, etc.
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Payl oad Nominal Modes

Payl oad instrunents shall provide well identified nodes

and node transitions. Mbddes shall be unique and
exclusive. As a mnimum the followi ng nodes shall be
i dentified:

Payl oad O'f Mbde

In this node the entire payload is off and
mai ntained at survival tenperature.

Payl oad St and- Bv__Mde

In this nmode all payload management subsystens are
operational (on and any relevant software running)
but the instruments thenselves are off.

I nstrunment St and-By Mbde

In this nmode all payl oad management subsystens are
operational {(on,and any relevant software running)
and all the instrunents are in standby.

Measur enent __Mbde

This nobde corresponds to the noninal operating node
of the payload. Sub-nmopdes shall be supported (e.g.
calibration).

Saf e Mode
Safe Mbde shall be invoked in the follow ng conditions:

The platform avionics cannot achieve recovery after
failure through the managenent of the available
redundancy;

The avionics itself have failed. Such failures
shall be detected through high-level independent
nmonitoring, such as depointing.

The specific requirements for Safe Mde are given in
Section A 4.4.2.

Safe Mbde Requirements

Safe Mbde shall be inplenented as far as possible independently
from the noninal node (hardware, software). In this node the
instrument conmand and control cannot be used and the platform
cannot provide its required services to the payl oad.

It shall be sun-pointing, with the performances specified in
Section A 4.3.3.

The payload shall be off with the instruments being set up so
that they cannot suffer from depointing.

The payload shall not suffer irreversible danage. This shall be
achi eved by:

Putting the payload off with the instrunents in a safe
state (e.g. shading sensitive apertures from sunlight);
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Provision by the platform of mininmal resources as
requested in the individual ICDs and in particular by
providing a survival thermal control concept.

To allow the instrunents to reach asafe state a signal shall
be sent tothe payload before it is shut off

The Platform shall have instrunentation and TM/TC capability
via omidirectional TTCC links for pernmitting the ground to
recover the Satellite for nominal operations by:

downlinking with special telenmetry any failure nessages,
out-of-limts, configuration status and |ast changes,
software and conputer nenory dunps, which wll enable
ground operators to understand the failure events and to
Identify the involved hardware/software. For this reason,
the nenory content of Platform conputer(s) shall not be
| ost when the Platform enters Safe Mde;

receiving via the TC uplink, and executing any conmands
and software changes prepared by the ground for specific
telemetry formats and any Platform configuration changes
necessary for returning the Platform for noni nal
oper ati ons;

providing in the neantime Survival resources to the
payl oad.

Safe Mode During LEOP

In case of any critical failure in the initial in-orbit
activation sequence METOP shall enter Safe Mde, from
which it can be recovered by ground intervention. It

shall survive in this node, and supply survival resources
to payload instrunents as defined. The possible duration
of safe node shall only be linted by resources. See also
the ACCS requirenents on Safe Mde, Section A 4. 3.3.

General Operability Requirements

In this Section A 4.4.3, requirenents on instruments are either
to be provided by the instrunments thenselves or externally by

ot her

sub- syst ens.
command and Control

The Satellite shall provide data managenent services to

its payload and subsystens to allow the ground system to
operate and control it in orbit and on the ground, in the
different flight operating nodes.

The status ofthe METOP Satellite shall be observable
through its telenetry. The Satellite shall be fully
controllable from ground as well as having autononous
functions, as specified in this docurent.

Metop shall accept and execute the following types of
commands:

Macrocomman
These consist of data blocks for the On-Board

Software (i.e. OBC, |CU or secondary processors)
as defined in AD32 and are split into: —
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MIC. Time-Tagged or |mmediate Macroconmmands
for Platform control

. | MMOMD: I mmredi ate Macrocommands for Payl oad
Instrunents control

TT-MCMD: Ti me- Tagged Macrocommands for
Payl oad Instruments control

"Immediate" neans that the Macrocommands shall be
executed immediately, allowing for delays due to
defined on-board |atencies. "Time-Tagged" neans
that the Macrocommand shall be executed at the
instant of tine specified in the relevant part of
t he Macrocommand header, within the specified

al l owed inaccuracies.

Single Commands

DIC. Direct Telecomrand for direct execution
by the On-Board Tel econmand Decoder

XTC. Exclusive Telecommand for configuration
of CCS registers (e.g. OBC) without
participation of the OBC Software

ITC. Inmrediate Telecommand for direct
execution via the OBDH Bus (i.e.immediate
single interrogation(s) ).

Payl oad Command and Control

The payload instruments shall have access to the Control
Subsystem (ccs) services of the Satellite, via standard
interfaces and protocols. The CCS of MBTCP shall be
transparent to the é;round system during nomnal flight
operations, i.e. end items of the METOP systens and
payl oad shall have logical addresses, in all ground to
METOP communi cations. The METOP CCS shall be designed
hierarchically, wth all data/conmand traffic between the
EII at;orm and payload instrunments being controlled by the
atform

MBTOP sub-systems, instrunents and equiprment shall:
be designed, so that no single malfunction of

software or single instance of erroneous commandi ng
can permanently danmage or degrade hardware or its

use.

o be designed so that it shall be possible to recover
from nodes achieved by corrective actions using
normal macrocommands, i.e. without patching.

provide a limted capability to generate non-
nom nal telenetry on request. This includes
sanpling sensors which are normally not fully
contained in the down-link telemetry or altering
nmonitoring rates and resolution.

Nom nal Instrument Commandability

Al instruments shall conply with the Conmand and Control
Requirenents and the OBDH and Measurement Data Protocol
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Requirenments of AD32either directly or via an associated
interface unit.

Instruments shall survive when operated as required by
the Platform in ground phase, LEOP phase and during orbit
mai nt enance. This includes safe node and transitions into
safe node.

Nom nal instrunent commanding shall be performed using
ti me-tagged macrocommande from the CCS.

Instruments shall be designed such that in nom nal

m ssion operation the requirement for receipt of
macroconmands is infrequent.

Nomi nal instrunment commanding shall not require a peak
macroconmand rate of nore than one macrocommand per 10
seconds (TBC).

Instruments shall nmonitor the execution of macrocomands
and shall report successful and unsuccessful execution
together with diagnostic information. This information
shall form part of the dnstrument history recording
capability. For instruments without an ICU this function
may be provided externally.

Instrument Observability

On-board events and paraneters shall be observable by the
ground to allow proper operation. Reporting shall be such
that continuity is ensured (no events lost) and accurate
datation is provided.

Housekeeping shall be acquired sequentially according to
a fixed order.

Instrument nodes shall be observable via housekeeping
dat a.

Begi nning and ending of nodes shall be observable and
dated with a resolution of 4 msec.

Successful and un-successful execution shall be reported
to ground.

M n/Max variations of housekeeping shall be recorded on-
board and reported to ground. It shall be possible to
sel ect which housekeeping data are reported.

Exceeding parameters limts and re-entry into linmts
shall be recorded and reported to ground.

Aut ononous switchdowns shall be observable by ground.

I nstrument  Aut onony

Instrument shall be designed for autononmous operation.
For commandability and observability under noninal
conditions autonony shall be ensured by time tagging the
commands to be executed.

For non nonminal and failure cases the instrunent |CU and

appropriate special hardware provisions shall be
responsible for detecting nmalfunctions and taking
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appropriate actions.
The instrunent shall autonomnously:

Detect mal functions;
Perform recovery actions for instrunent safety;
Provide visibility of malfunctions.

The instrument shall regularly nonitor the status of any
internal time counter against available tine infornation
from the Platform Recovery action shall be taken in case
of discrepancy.

Instruments shall not perform autononous reconfiguration.
A-4.4.3.6 Payl oad Instruments Switch-Of

The Satellite shall provide a mechanism for switching off
the METOP payload instruments directly by hardware.

The Satellite shall be able to switch off each of the
instruments individually.

The switching off of payload instrunents shall be
executed as a result ofa command from ground, an
autonormous action initiated by the CCS, or directly upon
request from the instrunent in question.

The payload instrunent(s) shall be warned in advance
about the inminent switching off, except for the case
where the switching is being performed upon payl oad
instrument(s) request. The warning signal shall be a
hard-wired Equipnent Switch-Of Line (EQsSoL), and shall
be activated 60 seconds prior to the actual switch-off.

A4.4.3.7 ICU Requirements

1cu’'s of all Contractor-procured instruments shall be
based upon a processor fulfilling the ML STD 1750
Instruction Set (AD24) unless there are strong and
dermonstrated reasons why this should not be the case.

Software of all 1Icu’'s shall be witten in a single

| anguage to be chosen by the Contractor in accordance
with Section A7 of this document. A single set of
standard software support tools shall be defined by the

Contractor, in accordance with Section A7 of this
document, and used to produce software for all ICU
sof t war e.

The nenory usage, including patch and dunp, of all ICu‘'s
shall conply with Section A4.4.7.2.1.2.

A4 4.4 Swi tch-on__and Check- Qut
A.4.4.4.1 Switch-On and Check- Qut

METOP shall pernmit in-orbit switch-on, switch-off,
initialisation, re-initialisation and check-out of all
Platform and Payl oad Mdul e subsytems:

automatically, wth override capability from
ground;
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. manual Iy from ground.

Any switch-of f eequenct shall end with a fully defined

configuration status of all involved units and software,
and any switch-on sequence shall be a controlled process
starting from the defined configuration status.

Initial Switch-On B8equence

METOP shall start the initial switch-on sequence from

l aunch vehicle event and/or separation signals without
the need for ground commande, and shall automatically
achieve switch-on to a permanent safe configuration in
which the solar array is deployed, unlocked and rotating
and with nomnal attitude control.

Deployments

Depl oyment of payl oad a|o|oendages shall be initiated by
ground command, and sha be performed during observation
of the satellite by the LEOP ground stations.

On-Board Operations Management

METOP control and Operations

It shall be possible, whenever METOP is in visibility
from ground stations, to continuously nonitor and control
the Satellite from ground. The Satellite design shall be
compatible with command and control from a single S band
ground station during routine operations. The Satellite
shall be capable of operating autononously for periods up
to 36 hours.

Manual Override

The Satellite shall permt nanual override or
inhibit/enable of all automated functions individually,
from ground.

Any such overrides/inhibits/enables shall for all
functions of critical categories or whose loss or failure
may result in catastrophic or hazardous consequences, be
two-step operations with positive feedback confirning
correct receipt of the override/inhibit/enable comand
prior to acceptance of the execute command.

C-d Check

The Satellite shall automatically check any received
command for

L syntax, format;

The Satellite shall reject invalid, wunauthoristd or

unal | oned hazardous commands, shall execute acceptable
commands, and ehall report in the telemetry to ground the
rejection, orthe execution of the command, after
verification of the eucctesful conpletion of the command
activity, respectively ehall report a command execution
failure if the conpletion is not achieved.
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The Satellite instrumentation and nonitoring capability

shall permt the ground to observe in the telenetry any

interim steps of execution of |engthy or conplex commands
or command sequences.

Monitorina Regquirements

Housekeeping Data

The Satellite shall provide the necessary

instrumentation, nonitoring and downlink TM capability to
allow the ground to determne at any tine the precise and
current status of all paraneters of the flight
configuration essential for flight operations from
ground, including the configuration status of the
redundant units, covering also Platform conputer and
software paraneters. The instrunentation, nonitoring and
downlink capability shall cover all in-orbit phases,
operating nodes and configurations of the Satellite and
its payload, including any orbit transfers and orbit

mai ntenance, from |aunch vehicle separation onwards, and
including Payload Of Mde and recovery sequences
controlled by the Satellite fault processing and recovery
system Satellite housekeeping data shall be downlinked
time-tagged in the Satellite telemetry.

The satellite telenetry requirements shall be fulfilled
even when the satellite is operated using S-band
telemetry only via one ground station per orbit; this
implies an satellite internal history recording
capability.

The log of Satellite events, anomalies etc. shall cover
at least 36 hours and shall be downlinked on request from
t he ground.

The CCS shall be capable of monitoring up to 256
paraneters from each of the payload instruments,
typically at a rate of once every 16 seconds with the
capability of increasing the sanpling frequency of any
paraneter to at least 8 times per second.

The unanbiguous interpretation of telenmetry data shall be
possible wthout knowng the history of telecomands.

HK Data Limt Checking

The Satellite shall execute node and configuration-
dependent limt check of paraneters of its own systens
and of payload instruments as necessary for system
management and protection. It shall be possible to
program an upper and lower |inmt for each nonitored
parameter, and to selectively nodify, enable and inhibit
these limts from ground. The Satellite shall report to
ground in its telemetry all out-of-limt and inhibited
condi tions.

Downlinking of Data to Payloads
The Satellite shall downlink in its telemetry all

data/information provided to payloads as required, such
as orbit state vectors, flags and time information.
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A 4.4.6.4 Verification of On/Of 8status

METOP instrunentation and telenetry shall pernit positive
verification of the unit level ON OFF relay status of de-
activated equiprment units.

A.4.4.7 Command & Control
Further to the Command and Control requirenents inmplicit in

Section A 4.4.1 to Section A 4.4.10, the following detailed
requirements are identified.

A-4.4.7.1 General Requirements
A.4.4.7.1.1 Tine Taaaing

All command types which are processed by the CCS

s h al | h a v e t h e p o®f dHeisng tbma-thgge
A4 .4.7.1.2 command and Control Frane Format

The MeTOP C&C Frane Format shall be conpliant with
the CCSDS standards for TM/TC, according to AD8 and

ADS.

A4.4.7.2 Functi onal Requirements

A4 4721 Eliaht Confiauration Manaaement

Ad.4.7.2.1.1 CCS Security Features
Security features and procedures shall be ~—
provided either on board or via the ground
commanding procedures, for software and data
which shall be protected from
i nadvertent/unaut hori sed access, change and
distribution.

A 4.4.7.2.1.2 Menory Loading and Dunping

The Satellite shall pernit dunping (RAM and
ROM) ofdata and program code stored in any
on-board conputer and menory without
interruption of nomnal operations. At times
of peak MIL activities this feature is not
required.

The Satellite shall pernmit |oading (RAM of
data and program code stored in any on-board
computer and menory not involved in ongoing
operations. At times of peak ML activities
this feature is not required.

At initialisation, software shall be

downl oaded from PROM to RAM Al software
packages shall run out of RAM except for the
downl oadi ng function and Safe Mde software.

Al RAM areas shall be accessible for patch
and dump.

Al PROM areas shall be accessible for dunp.

|If EEPROMs are selected by the Contractor
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they shall be accessible for patching.
CCS Instrument Switch-Of Signals

In case of METOP CCS failures occurring and
preventing the use of the on-board CCS to
command and nonitor the payload instrunents,
the Satellite shall send to the payl oad
instruments switch-off signals allowing an
organi sed switch-off of these instrunents.

Qperations Support

The Platform shall execute time-tagged

l ogging of events such as Pa?/_l oad and ground
control inputs, system anomalies, error/fault
messages, etc.

Macr o Commands

Only a linted nunber of different high |evel
macr o- commands will be needed for operation of each
payl oad instrunment, such as on, off, standby,
measurenent nodes, nenory |oads/dunps, etc. The
macr o- command expansion into detailed conmand
sequences is done within the payload instrunent.

The CCS shall provide serial digital data
interfaces for sending uplinked high |evel nmacro
commands and auxiliary data and collecting
housekeeping TM between the Platform and the
payl oad instrument processors.

Payl oad instruments shall accept these conmmands and
shall send the housekeeping TM formatted to the
ENVI SAT on-board TM/TC protocol standard (AD32).
The Contractor-procured instruments shall use the
EW/I SAT standard RBI ASIC mMc1031.

Ancillary and Housekeeoins Data

The CCS shall provide to payload instruments time-
tagged ancillary Platform data as specified in

rel evant sections of this document, through the
sane serial digital interfaces utilized for comand
distribution. Payload instrunents wll provide to
the CCS instrument housekeeping data on this
interface. This instrunent housekeeping data shall
also be included by the CCS into the Satellite
housekeeping format, for transmssion to ground.
The Platform shall not occupy nore than 50% of the
total METOP housekeeping format, wth the remainder
available to instrument housekeeping, except if

ot herwi se commanded from ground.

Satellite TT&C Link

Functional Reuuirenents

The TT&C S/'S shall provide an omidirectional up
and downlink on S-Band to and from the G ound
Station for satellite command and nonitoring
specified in Annex C of the SOWN
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The link to/from this Gound Station shall be
available in all satellite mssion phases and shall
support range and range-rate nmeasurenents according
to AD11.

The teleconmmand and telenetry protocols on S Band
shal | be according the ESA standards ADO and AD9.

Authentification of teleconmands shall be perforned
in accordance with AD8 and AD13.

Si mul taneous ranging, telenetry and teleconmanding
shall be possible from ground station.

The following data rates shall be supported on s-
band:

. 2.000 kbps on the uplink
4.096 kbps on the downlink

TT&C Li nk Requirements

TT&C |links shall be in accordance with Annex C
(AD4) .

Payl oad Managenent Buffer

The Satellite shall have an on-board capability for
payl oad housekeeping data storage and time-tag
macr ocommand queue storage

the total volume shall be at |east 100 kbytes; -

it shall be possible to load this amount of
software, macrocommand and/or data into this
storage, via S-band wuplink from ground;

it shall be possible to load payl oad instrunent
conputers from Payload data storage area, or
inversely dunp payload instrument conputers into
It.

ccsS Dat a/ C-d Transfers

The CCS shall execute all digital housekeeping and other
relevant data (i.e. not scientific neasurenents data from
instrunents) and conmand transfers on-board, into and
from the up/downlinks, as far as inpacting the payload
conpl enment :

preserving chronol ogi cal sequences of packets from
the same instrument, apart from recorder playback;

without transmission delays except for delays due
to tine-tags;

with a bit error rate for any digital processing
and transfer end-to-end on-board better than 10%-9

Discrete and Analog Signals
The CCS shall have the capability to acquire, separately

from the OBDH up to 32 (TBC) discrete |evel input
signals and up to 32 (TBC) analog input signals from the ~—
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payl oad. These data shall be included in the METOP
housekeeping telemetry formats, and shall be nonitored by
the CCS if they pertain to paraneters critical for METOP
system managenent. This requirenent is in addition to any
payl oad therm stor sensing required by the Platform for
instruments thermal control purposes.

A-4.4.7.7 Di screte Commands

The CCS shall have the capability to distribute
separately from the OBDH up to 32 (TBC) discrete output
commands for commanding of the payload. It shall be
possible to activate these conmands by using wmacro-
commands wuplinked from ground to METOP. This requirenents
excl udes pyro commands.

A.4.4.8 Fault Processing and Recovery Management

A-4.4.8.1 Fault Detection

The Satellite in orbit shall automatically detect any
faults, failures or errors which cause, or have the
potential to cause, it to deviate from its commanded
configuration and operating node. As part of this
capability there shall be features which detect
deviations from nomnal, in the software processes and in
software to hardware conpatibility, such as endless
loops, inproper transfers to software control, CPU
overload etc.

A.4.4.8.2 Fault Recovery

The Satellite shall recover from failures/faults/errors
within the Sallite in one of the follow ng ways, in order
of preference:

1 Continue nomnal operations by inmediately
activating an available redundant functional path.
Transient short-time interrupts, or exceedances of
specified tolerances of payload support paraneters
are permssible.

2 If the redundant branch cannot be activated
imediately, or if the failure requires re-
configuration the payload or if the failure appears
within a re-configuration sequence of the payload,
the Satellite shall power down the payload except
for survival resources, where required, but shall
itself continue in a Payload Of Mde, in which the
Satellite operates nonminally, except for the
power ed-down payload and the particular failure
node. M ni mum pail)l oad support as defined for the
Safe Myde shall be provided.

3 If the switch-over to the healthy redundant branch
or back-up does not lead to re-establishnent of
nom nal operations or the Payload Of Mde, or if a
heal thy redundancy is no |onger available, the
Satellite shall achieve a Safe Mde as defined in
Section A.4.4.2.1, before the Safe Mde perfornance
paraneters (e.g. attitude).
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Ground |dentification of Pailures

For functions in reliability criticality categories, or
functions whose loss or failure may result in
catastrophic or critical hazard consequences, t he
Satellite shall have instrunentation and cross-strapping
capabilities to permt the ground to:

identify from telenetry before and after the
failure, with the Platform in nomnal operating
mode, the failed item down to the level of the

impacted functional path and the inpacted redundant
branch of this path;

inhibit the automatic swtch-over mechanism for
this failed redundant branch;

identify from telemetry the failed unit of the
redundant branch and to utilise the healthy

remai nders of the functional path for
reconstruction of a back-up mode for the function.

Failure Reporting to Ground

The Satellite shall report in its telemetry to ground the
occurrence of the failure/fault/error and all node and
configuration changes executed in response to the failure
event .

The Satellite shall generate and transmt to payload
instruments a flag whenever a failure/fault/error is
detected in the Satellite, which would inpact the payload
instruments (e.g. Safe Mde alarm signal and Depointing
signal). The Satellite shall in its onboard event |og
enable the relationship to be nade between the
fault/error nessages and automated procedures initiated
in response to the messages. The Satellite shall avoid
filling the log with repetitions of error/fault nessages
and related recovery reports which are not necessary for
event investigation (for exanple massa%es repeated wth
every nonitoring cycle in contrast wth nessages from
repetitive orbit event cycles). Detection and reporting
of data corruption shall be perforned including those due
to SEU.

Instruments

In case of detection by the CCS of an out of linit nonitored
parameter associated wth one or nore Payl oad instruments, the
CCS will put these instruments in a safe configuration,
allowing further actions for the payload from the G ound.

It shall be possible to flexibly allocate this capability to
the individual payload instruments. It shall be possible to
modify, by software and data table update in the uplink from
ground, the monitoring limts, including inhibit and enable,
and the baIIocation of the monitoring speed, once the Satellite
isin orbit.

Mission Timeline Execution Support
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Uplinking MTL Macro Command

The Satellite shall pernit pre-programming of nominal
Platform and payload operations for up to 36 hours, by
uplinking from ground a Master Timeline (MTL) of time-
tagged high level nacro conmmands, which as a sequence
_contr%l_ the totality of the Platform payload operations
in orbit:

Commands shall be at highest possible system |evel,
but still pernitting Satellite re-configuration
flexibility for any feasible conbinations of active
payl oad instrunents subsets, and any up- and
downlink configurations as deternmined by the ground
infrastructure and its availability constraints
during the mssion.

Commands for re-configurations shall be structured
such that essentially only variables have to be
uplinked in a protocol format, whereas all
permanent content of the commands, and their
expansions into |ower |evel command sequences and
gutogatic procedures is stored and filled in on-
oard.

. Commands for the payload shall be transmitted by
the Satellite to the proper payload instrument 10
seconds before the tine tag, for expansion into
detail ed conmand sequences, and execution at the
proglr%armed timng, by and within the instrunent
itself.

. Suspension, update and resunption of non-executed
MIL entries shall be possible from ground, by
uplinking of individual entries or conplete MIL
sections or deletions. The Satellite shall at a
suspension conplete all MIL entries in process at
that tinme.

. The "permanent® part of the MIL conmands and their
expansions into detailed sequences, which reside in
the Satellite, shall be accessible to updating via
uplink, as individual software modules or groups of
nmodul ebs_, without interruption of nomnal operations
in orbit.

MTL Execution FPailures

A fault or out-of-limt in the execution of an MIL entry
shall not cause a change or discontinuation of the

nom nal MIL processing unless the Satellite failure
detection and recovery system as specified suspends

nom nal operations; for exanple by activating the Payload
Of Mde or the Safe Mde of the Satellite.

Real Tinme Commands

The Satellite shall interpret and act upon commands to
payl oad instruments, both real-tine and on the MTL, as
necessary for its conpliance with system nonitoring and
managenment requirements specified in this docunent.

A.4.5 DATA RANDLI NG REOUIREMENTS
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Pavl oad Data Handling Subsvstem

The Payload Data Handling subsystem (PDHS) shall ensure

instrument data acquisition, formatting, nultiplexing, on-board

storage, selective encryption and routing to the down [link

capabilities.

The PDHS shall provide:

. continuous data acquisition from all instruments, for the
whole orbit without |oss of data:

acquisition of HK from the CCS, and Adninistration
Messages;

. encapsul ation of data from the NOAA instruments into
CCsSDS source packets;

data formatting according to CCSDS recommendation using
one common VCDU format for LRPT, HRPT, dobal Data;

scranbling and RS encodi ng of VCDUs;
capability of Gobal Data storage for the |ongest time
period between successive Acquisition of Signal (ROS) at
the METOP ground station(s) (see SOW Annex C);
. encryption of HRPT and LRPT data according to AD18;
AVHRR dat a conpression for the LRPT service; —_
generation of fill cabu's for the HRPT and LRPT |inks;
continuous broadcast service for HRPT and LRPT:

. dobal Data dunmp service in X-Band;

interface for synchronisation, telemetry, command, fault
detection and recovery of the NOAA instrunents;

Data Handl i na Command and Control

The PDHS subsystem shall interface the Command and Control
Subsystem (ccs). It shall allow the control, nonitoring and
synchronisation of the NOAA instrunents and of the data
recording, playback and telemetry sub-systens.

Dat a Handling of Measurement Dat a

Instruments Data Acquisition Requirenents

Instruments shall format their data for nultiplexing and
recording in accordance with AD12. This nay be perforned
by external neans, in the case of the NOAA instrunents.

The PDHS subsystem shall acquire data from each
instrument and provide a formatting to the CCSDS standard
(AD12) .

Instrument Virtual Channel Data Unit Identifiers (vCDU-
Id), the packetised data rate, and apportionnent in
Jobal Data, HRPT and LRPT areprovided in SOW Annex C
(AD4) .
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Data Formatting

Data acquired and buffered by the PDHS subsystem shall be
formatted into transfer franes. These frames (vCDU),
after encoding and Synchronisation insertion, becone
CADU’s (Channel Data Access Unit), which are used for:

. HRPT and LRPT continuous broadcast service;
storage and dunmp in X-Band.

The encoding will be 255, 223 RS with an interleaving
depth of four.

The structure of the Coded Virtual Channel Data Unit

(cvepu) shall be identical for the three streams and
according the CCSDS standard. The length of each data
field is reported bel ow

VCDU Primary Header: 6 bytes
VCDU | nsert Zone: 2 bytes
VCDU Data Unit Zone: 984 bytes
CVCDU Trailer: 128 bhytes

Data Storage of the G obal Data Stream

The on board storage Sub-system shall be able to store
the @ obal Data Stream for a tine period corresponding to
the longest interval between successive AOCS at the METOP
ground station(s).

It shall have a simultaneous and independent read and
wite capability.

It shall feed the X-band nodulator with the required data
rate.

Nodes of Operation

The PDHS subsystem shall have three main nodes, Of,
Standby and Cperational Mde. For the Qperational Mde
the PDKS shall be able to simultaneously support the
following main functions, and subsets of these functions:

acquisition of data from the selected instrunents
data storage

X-band data dunp

HRPT data broadcasting

LRPT data broadcasting

interface to the NOAA instruments via the NU

Data Quality Requirement

The PDHS subsystem shall be able to acquire, format,
record and distribute data to downlink facilities wth
the following quality:

the probability of a bit error in a packet shall be
| ess than 10%-9 (TBCQ).

. the probability of a packet |oss (Ppl) due to
errors in the header shall be less than 10*-6
(TBC) .

. the probability of VCDU loss (Pvl) due to errors in
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the header shall be less than 10*-6 (TBC).

Pavl oad _Data_Links

Functional Requiremants

The PDHS subsystem shall provide the following links for
payl oad data distribution:

G obal Data Stream dunp on X-Band.

Direct Broadcasting L-Band to neteorological user
ground stations (HRPT) (AD 17, 18).

Direct broadcast on VHF-Band to meteorol ogical user
ground stations (LRPT) (AD 17).

Payl oad neasurenent and Auxiliary Data Requirements

The dobal Data stream shall be recorded and dunped, at
least (but not limted to) once per every orbit. For the
design case a total duration of 10 mnutes (TBC) per
orbit, with an average nunber of dunp operations per
orbit of 1.2, shall be assumed on the X-Band |ink.
Thermal design for this subsystem shall permt a total
uration of20 mnutes (TBC) per orbit).

The data of each conplete orbit shall be dunmped when the
satellite elevation is greater than 5 deg.

Except for BER linitations the on-board acquisition,
recording and downlink shall assure that all payload data
are available for ground station acquisition.

G obal Data (x-Band) Li nk Requirements

The PDHS subsystem shall ensure Gobal Data dunp to
ground stations with the required quality when the
satellite elevation at the ground station is greater than
5 deg. Link attenuation due to atnospheric factors (i.e.
rain, clouds, scintillation, etc.) not exceeded for 99.9%
of time shall be taken into account.

Further link requirenents are provided in Annex C ofthe
sow (AD4) .

HRPT Data Broadcasting Link Requirements

The PDHS subsystem shall ensure continuous HRPT data
broadcasting to nmeteorological ground stations. The EIRP
shall be such to enable any ground station defined in
Annex C of the SON {AD4), whose G T is 6.5 dB/K, to
receive data with the required quality when the satellite
elevation is greater than 5 deg. Link attenuation due to
atnospheric and ionospheric factors not exceeded for
99.8% of tine shall be taken into account.

QG her ionospheric effects on the downlink channel, i.e.
group and tine delay, dispersion and ionospheric
scintillation, shall also be taken into account in the
l'ink budget.

Encryption of the data is required (AD 18).
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Further link requirenents are provided in Annex C of the
SOW (aD4) as well as AD 17.

LRPT Data Broadcasting

The PDHS subsystem shall ensure continuous LRPT data
broadcasting to neteorological ground stations defined in
Annex C of the SOW (AD4). The EIRP shall be such to
enabl e data reception with the required quality to:

ground stations, whose GT is -22.4 dB/K, when the
satellite elevation is greater than 5 deg.

ground stations, whose G T is -30.4 dB/K, when the
satellite elevation is greater than 13 deg.

Link attenuation due to ionospheric factors not exceeded
for 99.82 of tinme shall be taken into account. O her

i onospheric effect on the downlink channel, i.e. group
and time delay, dispersion and ionospheric scintillation,
shall also be considered in the link budget.

Link attenuation due to atmospheric factors can be
consi dered negligible.

Further link requirements are provided in Annex C of the
SOW (aD4) as well as AD 17.

A. 4. 6 _TIME MANAGEMENT REQUIREMENTS

A4.6.1

A 4.6.2

CCS Tine_and Pregquency Signals

The Platform CCS shall provide a tine signal and a frequency
reference signal (clock) to all METOP instrunments, for time-
tagging of data, and for synchronising |ocal clocks
respectively.

The METOP central clock shall have a stability better than 10°-
10 short-term (one second), and a long termdrift of less than
10°-9 (100 ninutes).

METOP shall enable the correlation of the METOP clock to UTC
by ground stations, wth an inaccuracy with respect to UTC
introduced by the METOP on-board systems into the correlation
measurenent, of less than 100 mcroseconds. The inaccuracy of
the METOP on-board systems with respect to UTC shall also cover
the sync differentials between the Platform clock and payl oad
instrument interfaces.

The CCS shall use the CCSDS tinme code standard AD7 (TBC).

Synchronisation of Instrunent C ocke

Instruments shall maintain an internal clock which shall be
synchronized with the satellite time. The clock shall also be
used for command bl ock execution scheduling as well as for
housekeepi ng and neasurenents data datation.

It shall be possible to synchronise the clocks of each
instrument to the CCS naster clock individually, without
influencing other users connected to the CCS bus.

It shall be possible to verify, at any time during nom nal
operations, the synchronisation between the Instrument clock
and the CCS master clock.
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3 Correlation of Measurements (0 CCS Time
3.1 Ancillary Data Time Tagging Accuracy
All time-tagging ofanyancillary data required to be
delivered to the Payload from the Platform shall be with
an accuracy of better than three times the resolution of
the time code of the METOP naster clock, with respect to
the time of occurrence of the event.
3.2 Housekeeping Data Datation Accuracy
Housekeeping data shall be tinme tagged with an accuracy
of 4 nsec.
3.3 Science Data Datation Accuracy
Datation of instrunent data with respect to the CCS
master tinme shall be sufficient to allow the instrument
specific performance requirenents to be net, and in all
cases wWith a maxinum inaccuracy of 4 nsec.
4 Correlation of CCS Tinme to UTC
Correlation between the CCS on-board time to UTC shall be
performed in the Tr&c ground station, by correlation of the
| eading edge of the first bit ofthe sync word of the S band
telemetry frame to UTC. The inaccuracy of this |eading edge as
transmtted, to the CCS clock, is to be considered as-part of
the on-board contribution to the correlation neasurenent
specified in Section A 4.6.1.
5 Macrocommand Execution
Ti me-tagged macrocommands shall have a tine-tag resolution of
4 nsec, and shall start the expansion with an accuracy of 20
msec.
For each macrocommand there shall be an "event of interest”
which shall nornmally correspond to the start of generation of
dated neasurenent data. Macrocommands shall have a maxi mum
execution duration, up to the event of interest, which is
deterninistic within 50 msec accuracy.
LAUNCHER INTERFACE REQUIREMENTS

The satellite shall be conpatible with launch on both Ariane 4 and
Ariane 5. The selection of the l|aunch vehicle will be nade at the
start of Phase C/D.

The Ariane 4 version to be used will be the smallest consistent with
the satellite launch nmass, inclusive adaptor, for injection in the
orbit specified in Section A 4.3.1.1. The Ariane 4 fairing envel ope
used for dinensioning the satellite will be the type 02 specified in
AD5 para 4.3.4.

For the purposes of the Phase B a single launch case shall be taken.

Interface requirements on the satellite from the launcher are defined
in ADS and ADS6.

The launcher performance, injection accuracy and kinematic conditions
at separation are defined in ADS and AD6
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The launcher induced environment, dynanics, acoustics, thermal, EMI
and cleanliness are defined in AD5 and AD6.

Wiere requirenents differ from Ariane 4 to Ariane 5, the worst case
shall be taken as the dinensioning requirenent.

A.4.8 NATURAL AND INDUCED ENVIRONEMENTAL REQUIREMENTS

A 4.0.1 Ceneral

The METOP Satellite wll experience natural and induced
environnments throughout its lifetime: from manufacturing to
launch site, launch, on-orbit operation and disposal. The
environnments specified in this document shall be conbined as
appropriate for METOP Satellite design and verification

pur poses, based on credible occurrences.

In the following, reference to both the Ariane 4 and the Ariane
5 induced environnents is provided. For design purposes and in
order to guarantee the METOP conpatibility with both |aunchers,
the nost demanding conbination of the two induced environnments
applies to the METOP Satellite design.

A.4.8.2 Terrestrial Environment

A-4.8.2.1 General
The METOP Satellite and its GSE shall be protected from
or designed to survive wthout perfornmance degradation
the applicable anbient natural environnent during
comercial air, sea and road transportation and handling
in Europe and at the Kourou (€sG) launch site.

A 4.8.2.2 Fl i ght Hardwar e Protection
Where it is not feasible or cost-effective to design the
flight hardware to withstand the terrestrial environment
directly, the flight hardware shall be protected by
suitable GSE and mmintained within the environnental
envel ope specified forlaunch and on-orbit operations.

A 4.0.2.3 Mechani cal  Envi ronnent
The static and dynamc nechanical environment affecting
the METOP Satellite during all ground operations shall be
maintained within the envelope of the defined |aunch
mechani cal environment (i.e. ground activities not
driving the design).

A-4.0.2.4 Contanination and d eanliness Environnment

A.4.8.2.4.1 AIT Activities

The METOP satellite and its GSE shall be designed
such to allow the performance of all ground
Assenbly, Integration and Test {(AIT) activities,
both in Europe and at the Launch Site, in a
controlled area with a mnimm cleanliness |evel of
100000, as defined in AD3.
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Launch Activities

During the launch preparation and ascent phases,
the METOP satellite wll be subjected to a
contam nation and cleanliness environment as
defined in AD5 and ADS6.

Neutral Atmosphers

A-spheric Density

The Neutral Atnmosphere conditions applicable to the METOP
Satellite are specified in AD20.

Model Representation

The Neutral Atnosphere continuous representation is
given for the altitude range from 90 to 2500 km by
the Marshall Engineering Thernosphere (MET) nodel,
RD14, derived from the so-called JACCHIA nodel. The
nodel conputes the atnospheric density for any
orbital location foranytimew thin the nean solar
cycle from August 1997 to August 2000, based on
predictions ofthe 13 nmonths snoothed val ues ofthe
10.7 centinetre solar radio noise flux (F10.7) and
geomagnetic activity index (Ap). The solar cycle
shall be considered to be repetitive after August
2000.

Atmospheric Density Paraneters

The atnospheric density paraneters defined in
Section A 4.3.2.6 shall be used for the design of
the METOP attitude control functions.

Paraneters for _Pronellant Budueting

The atnospheric density paranmeters derived for the
applicable mssion period from Section A 4.0.3.1.1
shal | be used for propellant budget i ng.

Thermospheric W nds

The range and variation of thernospheric w nds covering
Equi nox/ Sol stice, shall be taken into account for METOP
Satellite drag calculations. For design analyses wind
speeds ofup to 900 m/salong the 12 hr LST rmeridian,
anti-sun direction, across the polar caps for up to 30
mnutes around the orbit shall be assuned.

Plasma

The lonospheric Plasma environnent as defined in AD20 applies
to the METOP Satellite. For the electron density, tenperature
and ionic conposition of the ionosphere, refer to AD21.

Charged Particle Radiation

Charged particle radiation affects materials, chenical
processes, electronic conponents and the propagation of [ight
through optical materials.

Two groups of charged particles are identified: magnetospheric
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particles and cosmc rays.
Magnetospheric Particles

These particles are known as the trapped radiation
phenonenon (Van Allen radiation). The general shape of
the Van Allen belts follows the shape of the geomagnetic
field and therefore the METOP Satellite wll penetrate
most deeply into the belts in the region of the South
Atlantic Anonaly.

Particle Characteristics

AD20 specifies the numerical data on energy |evels,
particle flux densities, variations with altitude,
inclination, time, etc. Reference is made therein
to radiation nodels AP8 and AEs for protons and

el ectrons respectively to be used for the METOP
environnment deternination.

Polar Obit FEffects

Transient fluxes in polar orbits associated with
the auroral zone shall be taken into account for
the METOP Satellite design.

Cosmic Ray 8

Cosmic rays are either galactic or solar. AD20 provides
the available environnental data, synthesised into
enpirical nodels, with variations in solar activity an
time. A nodel to represent the cosmc rays deflection due
to the earth's magnetic field and experienced in polar
orbits is also therein provided.

Blectromagnetic Radi ation

AD20 specifies the electromagnetic noise environment due to
galactic, solar, near earth natural plasma and man-nade radio
sour ces.

Meteoroids/Space Debris

AD20 specifies the nodels to be used for defining the neteoroid
and space debris environment applicable to the METOP satellite.

Maagnetic Fiel ds

The earth's magnetic field deflects charged particles and
reflects low energy cosnmic rays for altitudes |ower than 2000
Km It varies considerably with the time on a 5 to 10 year
cycle. AD20 specifies the applicable magnetic field

envi ronnent .

Physi cal _Constants

AD20 specifies the sun-earth constants, the pressure paraneters
and the thermal environnment to be used for the METOP satellite
desi gn.

G avitational Prield

The coefficients J1, J2, 33, J4 and J2*2 of the gravity nodel
GEM-T1 (see AD22) shall be used for the METOP Satellite. The
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reference ellipsoid WGS84 (see AD23) shall be used for
cal culations of position, altitude and attitude.

The level of atomic oxygen environment to be taken as design
and material selection paraneter for the METOP Satellite shall

be 3.2x10%16A0/m"2/s as flux on a ram surface for solar
maxi num condi tions.

EMC _Environnent

The METOP Satellite shall be designed to be conpatible and to
operate, in addition to the already defined natural magnetic
environnent, also in the induced EMC environments generated by:

ground facilities
launch vehicle .
payl oad and service instrunents

See also the EMC/RFC requirenents in Section A 4.9.7.
Launcher Radioc and EMC Environment

The environnental characteristics and the limts in terms
of radiated levels (spurious or intentional) from the
launcher that will be encountered by the METOP Satellite
are specified in AD5 and ADS6.

Thermal Environments

The METOP Satellite shall be conpatible with all encountered
natural and induced thermal environnents during launch, ascent,
transfer and orbital operations, including:

thermal radiation originated or re-enitted from payl oad
i nstruments;

incident fluxes originated or reflected from the Iaunch
vehicle, Sun, Earth, the METOP Satellite itself;

the dissipated electrical power from all METOP electrical
boxes.

Launch Preparation and Ascent

During all launch preparation activities at the |aunch
site and the ascent phase until jettison of the nose-
fairing, the METOP Satellite shall be conpatible with the
air conditioning characteristics and the thermal fluxes
as defined in AD5 and AD6. Aerothennal fluxes as
specified in AD5 and AD6 shall be taken into account for
the ascent phase after fairing jettison.

Mechanical Environments
Launch Environment
During the Launch phase, the METOP Satellite is subjected

to a launcher induced nechanical environment consisting
of static and dynam c | oads.
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particles and cosmic rays.

Magnetospheric Particles

These particles are known as the trapped radiation
phenonenon (Van Alen radiation). The general shape of
the van Allen belts follows the shape of the geomagnetic
field and therefore the METOP Satellite wll penetrate
nost deeply into the belts in the region of the South
Atlantic Anonaly.

Particle Characteristics

AD20 specifies the numerical data on energy |evels,
particle flux densities, variations wth altitude,
inclination, time, etc. Reference is made therein
to radiation nodels AP8 and AR8 for protons and

el ectrons respectively to be used for the METOP
environment  determination.

Polar Orbit FEffects

Transient fluxes in polar orbits associated with
the auroral zone shall be taken into account for
the METOP Satellite design.

Cosmic Ray8

Cosmic rays are either galactic or solar. AD20 provides
the available environmental data, synthesised into
empirical nodels, with variations in solar activity an
time. A nodel to represent the cosmc rays deflection due
to the earth's magnetic field and experienced in polar
orbits is also therein provided.

Electromagnetic Radi ation

AD20 specifies the electromagnetic noise environment due to
galactic, solar, near earth natural plasma and man-made radio
sour ces.

Meteoroids/Space Debris

AD20 specifies the nodels to be used for defining the neteoroid
and space debris environnent applicable to the METOP satellite.

Magnetic Fi el ds

The earth's nagnetic field deflects charged particles and
reflects low energy cosmc rays for altitudes |ower than 2000

Km It varies considerably with the time on a 5 to 10 year
cycle. AD20 specifies the applicable nagnetic field
envi ronnent .

Physi cal __Constants

AD20 specifies the sun-earth constants, the pressure paraneters
and the thermal environment to be used for the METOP satellite
desi gn.

Gavitational rield

The coefficients J1, J2, 33, 34 and J2*2 of the gravi
GEM-T1 (see AD22) shall be used for the METOP Satelli

y nodel
e. The

— —
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reference ellipsoid WGss4 (see AD23) shall be used for
calculations of position, altitude and attitude.

Atoni ¢ Oxygen Environment

The level of atomc oxygen environment to be taken as design
and nmaterial selection paraneter for the METOP Satellite shall
be 3.2x10%16 AO/m*2/s as flux on a ram surface for solar

maxi mum conditions.

EMC Environment
The METOP Satellite shall be designed to be conpatible and to
operate, in addition to the already defined natural magnetic
environnent, also in the induced EMC environments generated by:
ground facilities
launch vehicle _
payl oad and service instrunents
See also the EMC/RFC requirenents in Section A 4.9.7.
Launcher Radio and EMC Environment
The environmental characteristics and the linits in terms
of radiated levels (spurious or intentional) from the
l'auncher that will be encountered by the METOP Satellite
are specified in ADS and AD6.

Thernal _EBnvironments

The METOP Satellite shall be conpatible with all encountered
natural and induced thermal environnments during l|aunch, ascent,
transfer and orbital operations, including:

thermal radiation originated or re-emtted from payl oad

i nstruments;

. incident fluxes originated or reflected from the launch
vehicle, Sun, Earth, the METOP Satellite itself;

. the dissipated electrical power from all METQP electrical
boxes.

Launch Preparation and Ascent

During all launch preparation activities at the launch
site and the ascent phase until jettison of the nose-
fairing, the METOP Satellite shall be conpatible with the
air conditioning characteristics and the thermal fluxes
as defined in ADS and AD6. Aerothennal fluxes as
specified in ADS and AD6 shall be taken into account for
the ascent phase after fairing jettison.

Mechanical Environnents
Launch Environment
During the Launch phase, the METOP Satellite is subjected

to a launcher induced mechanical environnment consisting
of static and dynam c | oads.
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Satellite Steadv State Acceleration

The highest static accelerations occurring to the
METOP Satellite during launch are defined in AD5
andAD6.

Satellite lLow Frequency Vibration Levels

The sinusoidal vibration levels to be encountered
by the METOP Satellite during launch at the

[ auncher to spacecraft interface plane are
specified in AD5S and AD6.

Satellite Shocks induced by the Launch Vehicle

The shock spectrum induced by the Launch Vehicle to
the METOP Satellite at the bolted interface shall
be derived from aps and AD6, depending on the
Interface adaptor selection.

Satellite Acoustic Vibration

The anbient induced noise encountered under the
l auncher nose-fairing will not exceed the levels
defined by octave bands in AD5 and ADS6.

Satellite Random Vibrations

The random vibrations environment transmtted by
the launcher to the METOP satellite via the launch
vehicle structure is specified in AD5 and ADs.

Equipment Quasi-Static Desisn load Factors

The contractor shall derive all |ower |evel
structural sizing requirenents at equipnent |evel
based on the requested mnimum box resonant
frequency and considering the environnental
requirements inposed at Satellite |evel.

For prelinmnary design purposes of new equiprent,
the use of the quasi-static design load factors
below is recommended as a starting point, before
the actual |oad factors are derived.

. For equiprment with mass greater or equal to
100 kg: 15 g

For equiprment less than 100 kg, the design
load factor shall be taken from the follow ng
table, which shall be interpreted as a curve
in which the values provided shall be
linearly connected on a logarithnic scale.
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REquipment Masa (kg) | Design [oad Pactor (g)

1 65
3 55
5 50
10 43
30 30
100 - 15

These quasi-static design load factors have to be
applied, for dinensioning

at the equiprent CoG;

into the worst spatial direction with respect
to the resulting reactions/stresses (to be
understood as a sum vector);

the loads not acting simltaneously.

Equipment Low-F. Vibration

Each equi prent shall be designed to withstand, in
each of the three orthogonal reference axes, the

low frequency vibration levels specified in the
following Table:

Frequency | Acceleration (g peak)
(Hz) I

6 - 20 Acceleration to be derived from the
curve obtained by linear connection,
on a logarithmic chart, of the
accelerations at the two extremes of
the range, i.e. 1.0g at 6Hz and 15.0g

at 20Hz.
20 - 60 15g
60 - 100 6g in case of large flexible items

15g for all items packaged in a box-
type structure

Equipment Shock Environnent

Each equipnent shall be designed to survive,

wi t hout pernmanent degradation of perfornmance

requi renents, the exposure to the shock environment
defined in the following Table, where the
acceleration is to be derived from the curve
obtained by linear connection, on a logarithmc
chart, of the provided points:
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Frequency | Shock Acceleration (g)
(Hz)
_— |
100 37
900 350 (Q > 10)
310 (Q = 10)
2000 350 (@ > 10)
310 (Q + 10)
4000 300

The shock spectrum in each direction of the three
orthogonal axes shall be equivalent to a half sine
pulse of 0.5 msec duration and 200 g anplitude
(zero to peak).

Equipment Random Vibrations

The contractor'shall establish the random vibration
environment for each METOP equi pment based on the
overall satellite random and acoustic environnents.
In the early stage of the design and before
derivation of the METOP specific Equi pment Random
Spectra, the environnment specified in the follow ng
table shall be applied.

Axis

Appli-
cation

fht ee

axes

Frequency Frequency Levels

Range (Hz) Rang. (Hz)

Verti cal Lateral

axis, out axis,

of pl ane in-plane

- —————————————————— |

20 - 100 20 - 100
0.29 g2/Hz for Ms 5kg
0.07x(M+20)/ (M+1) /g?/Hz

100 - 400 100 - 400 for M> skg and M < 65.5kg
0.09 g*/Hz for M=z 65.5kg

400 - 2000 -3 dB/Octave

400 - 2000 -4 dB/Octave

A 4.8.14.1.10

A.4.8.14.2

Pressure Durina Launch

The METOP Satellite shall be designed to withstand
the static pressure evolution encountered during
the launch ascent phase as specified in AD5 and
AD6.

On-Obit Induced Environment

The METOP Satellite shall acconmodate the induced
envi ronment consequent to reactive forces, torques,
nmonments vibrations and shocks from payl oad appendages
depl oyments and payl oad operation.
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A.4.9 ELECTRICAL DESIGN REQUIREMENTS
A.4.9.1 pigital Electronics and Data Processing

A-4.9.1.1 Software Growth

METOP computers shall pernit software growth in
accordance wth ESA-PSS-05-0 (AD29).

A-4.9.1.2 Computer Memory Protection
METOP conputers shall have protection against the effects
of SEU.

A4.9.1.3 Memory Random Access

All METOP nenories shall support random access.
A.4.9.1.4 Direct Software Loading

Direct software |oadi r]% from EGSE into MEMP on-board
menories shall be possible for test and check-out
pur poses.

A 4.9.1.5 Use of ASICs

The use of ASICs to perform functions which could
otherwise be perforned by software is discouraged. Every
case where the Contractor Broposes to use an ASICto
perform tasks which could be performed by software shall

be agreed with the Agency. —
A4.9.2 Electrical Power and Enerqgy
A.4.9.2.1 Total Power/Energy

The METOP Satellite shall provide the total electrical
power/energy resources, including nargins, requested to
satisfy the Satellite functions and to accommdate the
Payl oad instruments identified in this docunent during
the nomnal satellite lifetine in all nodes.

A 4.9.2.2 Power Availability

The METOP Satellite shall be designed to provide the
requested power levels for the life required in Section
A 3.5 and for the given orbit conditions for any |aunch
date of the year, starting from 1 Jan 2000 to 1 Jan 2010,
and considering the worst case conditions (End-of-Life
degradation factors, pointing accuracy, etc.).

A 4.9.2.3 Povwer Level Managenent

The METOP Satellite shall be designed to maintain the
specified power levels obtained by any realistic

conbi nation of electrical |oads, including high/low
consunption peaks and short-term transients during
switching at the entry/exit from eclipse.

A 4.9.2.4 Power Generation Transitions
Mde transition from battery generated power (eclipse) to

solar array generated power (sunlight) and viceversa,
including power peaks condition (batteries in support of
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the solar arrays), shall be fully automatic.

A 4.9.2.5 Power during Pro-Launch and Launch

The power consunption requested by the METOP Satellite
during the launch preparation and the ascent phases shall
be conpatible with the maxinum di ss_ifp_ated_ powver
acceptable to the launcher, as specified in AD5 and AD6.

A.4.9.2.6 Battery Managenent
The battery nanagenment shall:

be fully automatic and require ground intervention
only for optinmisation ofbattery control
par anet ers;

provide good protection of the batteries (e.g.
agai nst over-tenperature, battery cell short
circuit, over-charging and over-discharging), in
view of the high nunber of duty cycles expected
during the nonminal orbit life;

mnimze the tenperature differences anong
batteries and anong cells in the same battery;

be such that failures and degradations can be
overcome at the level of individual batteries;

provide monitoring of the overall battery status
(e.g. voltage, current, tenperature) together wth
the status of defined groups of cells inside each
battery with the purpose of nonitoring battery
health conditions and pronptly detect the need for
battery switch-off.

A.4.9.2.7 Power/Energy Budget

Long term peaks (peaks averaged over 1 mnute TBC) as
wel | as the average power figure shall be taken into
account for power / energy budgeting purpose and shall
ensure a positive energy nmargin for each orbit.

A-4.9.2.8 Battery Energy Budget

The battery energy budget shall demonstrate for each
orbit a positive margin of 10% for both sunlight and
eclipse when considering the nomnal power profile,
including the satellite power peaks, at the End of Life,
excluding nodelling inaccuracies.

A-4.9.2.9 Battery Depth of Discharge
The battery depth of discharge shall be specified by the
Contractor in line with the METOP Satellite lifetine and
m ssion requirenents.

During the Launch nmode in the LBCP the DCOD shall not
exceed 602.

A 4.9.3 El ectrical Distribution
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A 4.9.3.1 Power pistribution

The MRTOP Satellite shall distribute the requested power
(survival, average and peaks) to subsystens and payl oad
instruments during the nomnal satellite lifetine as
required by the specified operational scenarios.

A.4.9.3.2 User Power Interface

The MRTOP Satellite power system shall generate and
distribute DC power with a voltage between 37 and 22 V at
the User equiprment interfaces (i.e. including power

| osses and degradations).

A 4.9.3.3 Survival Power

Survival power shall be distributed to any equipnent
requiring it during launch, safe node, stand-by node and
any other node where the equiprments are OFF.

A-4.9.3. 4 Power Line Parameters

The hardware design shall permt adaptation of power |ine
paraneters (e.g. neasurenents, protections) at a late
stage of the programme, |atest before starting of flight
nmodel nmanufacturing.

A.4.9.3.5 Power System Protection

The MRTOP Satellite shall have protections for protecting
the power source from overloads or faults in the
distribution system and in any load, including payloads.
The protections shall, as far as practical, be ground
commandabl e redundant and/or resettable.

The METOP Satellite electrical distribution design shall
avoid propagation of any electrical failure to other
power users and shall be free of single point failures.

A-4.9.3.6 Power Switching

The METOP Satellite shall permt switching of power
sources to redundant paths, and of power to all payload
instruments individually, either by use of internal
switches or, where not practical, by use of dedicated
external swtches.

A.4.9.3.7 Power pistribution Mbnitoring
The MRTOP Satellite power system shall include the
capability to nonitor, evaluate and control the power
status from the source to the load interface by:

. allowing current and voltage measurenment of each
load to enable power consunption deternination;

. nmonitoring and controlling the swtching
configuration of loads with power on;

monitoring and controlling the switching
configuration of loads with power off.

A 4.9.4 able Harness, Wiring and Routing Regquirement
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A.4.9.4.1 Redundant runctions

Harness wires and connector pins carrying redundant
functions shall be physically separated and isolated from
each other.

A.4.9.4.2 Protection against Overcurrent

Al wiring shall be protected against overcurrent
consistent with the conductor rating and applicable
derating factors (as specified in AD14).

A-4.9.4.3 Cabl e Harness Bundl es

Cabl e harness bundles shall be designed in accordance
with categories defined EMC sensitivity (as specified in
AD33) .

A-4.9.4.4 Wring Installation

Wring installation requirenments shall be derived from a
sel ected ML-STD or equivalent design standard.

A.4.9.4.5 Har ness Labelling

Harness shall be marked and labelled in accordance with
AD25 or equival ent design standard.

A.4.9.4.6 Cabl e Shiel ding
Cable shielding shall conply with the foll owi ng:

shields shall not be used as intentional return
paths except in case of coax. cables, in which case
the appropriate grounding schene has to be

i mpl ement ed;

. where the cable shield is utilized principally to
reduce interference level, the shield shall be
grounded at both ends and at internmediate points
along its length unless alternative grounding
met hods are specifically agreed;

the overall harness shield shall be grounded at
both ends and also at intermediate points approx.
every 25 cmalong its length;

when double or triple shielding is used, each
shield shall be grounded separately.

A.4.9.4.7 Connector Definition and Protection

Connectors shall be located, or physically protected,
such that they can not accidentally be damaged or wongly
connected during the ground activities. Al connectors
shall be fixed to the relevant unit, bracket or other
fixed nount.

Connector types, configurations (e.g. nunber of pins) and
| ocation shall be selected to preclude damage or
i nadvertent operation resulting from nis-nating.

A.4.9.5 High Voltage Desian Requirements
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H gh voltage Part8

The presence of high voltage parts shall be taken into
account and proper discharge tests shall be perforned at
unit/system [evel to prove the hardening of the neighbour
units and system against their H V. breakdown.

Multipaction

Al meToP Satellite hidgh power microwave equi pment shall
be designed and tested such that a 6 dB margin between
the maxi mum expected power |evels and the onset of

mul ti paction is established.

Corona Discharge

All METOP Satellite high voltage equi pment shall be
designed and tested to free from corona discharge
effects, in the on-ground, |aunch and in-orbit

envi ronnent anti ci pat ed.

Arcs
H gh voltage equipment shall be designed to withstand the

effects of arcs. The susceptibility of H V. equipnment to
arcing shall be characterised.

Mechani sm _Fl ectrical Reguirsments

El ectrical Design

Mechani snms hal | be designed toneet all the pertinent
requirenents regarding electrical interfaces and
performances, and shall exhibit stable electrical .
characteristics and el ectro-nechanical transfer functions
t hroughout their specified period of life. Electrical
power —consunption, generated electrical disturbances and
gropen5| ty to faul t propagation shall be mininmised by

esi gn.

Insulation

Wres shall be insulated fromthe structure and from each
other by not less than iMp with 500 vpc applied for 5
i nut es.

Mot or wi ndings shall be insulted fromthe structure and
fromeach other by not |ess than 100 Mo with 500 VDC
applied for 5 mnutes.

G oundi ng

Each nmechani sm shall be electrically bonded to the
satellite structure by means of a bonding straﬂ al | owi ng
to achieve a DC resistance, neasured between the
mechani sm and the ground plane in both directions of

pol arisation, of less than 10 mQ.

Overcurrent Protection

Mechani sms containing electrical parts and circuitry
shal | incorporate adequate means of protection agai nst
excessive currents due to abnornmal applied voltages or
internal conditions (e.g. faults). The current protection

il
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can be provided externally.

Torsi on of Wires

Torsional |oads shall not be applied to wres which
change their configuration, e.g. wires around a hinge.

RFC
Operation in EMX Environment

The METOP satellite shall be designed to operate in the
EML environnment, which it wll experience through all
operational phases, during its design life.

Active enitters on board the satellite shall not perturb
the passive radiometer instrunents in the payload by nore
than 202 of their sensitivity over any part of their
spectral range.

EMC and Power Quality Designm

The METOP Satellite shall be designed considering AD33 as
a starting point for the derivation of METOP satellite
specific EMC requirenents.

System EMC Safety Margin

An overall safety nargin at system level shall be proved
by test with respect to the external and the self-
generated conducted and radiated environment.

'll'he EMC safety margin of the MRTOP satellite shall be at
east:

. 20 dB where potential hazardous situations are
identified (safety critical circuits)

6 @B in all other cases.
Wiere nore stringent safety margins are dictated by the
Launcher, by relevant |ocal National Regulations or by
specific equipnment supplier, then these shall apply.
Power G oundi ng
The METOP satellite shall have a Distributed Single Power
Ground (DSPG). G ound reference points shall be
accessible during ground activities. Structure shall not
be used as an intentional current return of prinmary
and/ or secondary power.
Conductivity ofExternal Surface
All METOP external netallic surfaces shall be grounded.
I nstrument G ounding Provisions
The METOP Satellite shall have provisions for

acconmodation of Payload Instruments designed for a Star
Power G ounding system (NOAA instrunents).
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Structure Isolation

The isolation between the single ground reference point
and the structure, before connection to structure but
with all current return lines connected and all hardware
installed and connected, shall be such that the Satellite
and equi pnent conmon node inpedance is conunensurate with
the EMI environnent.

Structural Parts Bonding

All netallic nenbers of the structures shall be designed
to be electr|calldy bonded by direct netal-to-netal

contact (preferred method) or bonding straps without
exceeding 2.5 mo DC contact resistance neasured with both
directions of polarization.

CFRP Bondi ng Resistance

All CFRP nenbers of the structure shall be designed for a
bonding resistance of less than 1 k@ DC from any point of
the surface to the netallic structure.

CFRP Pat h

It is not pernitted to use the CFRP structural menbers as
bondi ng path.

Equipment Power Isolation

Any primary power and return input lead of an equipnent
shal | have a DC isolation of at least 1 Mg shunted by not
more than 50 nF to equipment chassis and between power
input lead and secondary power |eads.

Equi prent  Bondi ng

El ectrical equipnent shall have a bonding resistance
equal to or less than 2.5 m@ DC per bonding junction

bet ween:

. different parts of the equipment chassis;

connector receptacles and equiprent
chassi s/ connector  brackets;

equi pnent chassis and bond strap;

bond strap and structure;
Equipment Connection (0 Structure
Bondi ng connections shall be designed for 10 ma@ DC or
| ess between equipnent surface and METOP Satellite
structural interface.
Bonding Sizing
The bonding straps shall be sized to safely carry any
expected inadvertent fault current (150% of circuit

protection device rating). The length to width ratio
shall not exceed 5 to 1.
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Equipment Shielding

Each equipnent shall be enclosed in an electrically
conductive and non-nmagnetic case which shall form an all-
enclosing shield for electronagnetic fields generated by
the equipnent.

Mechani cal Equipment Grounding

Mechani cal equi prent which do not perform any electrical
function shall be grounded to the spacecraft ground point
by a bonding resistance not greater than 1 k@ DC.

Ther nal Blanket Grounding

Each Thermal Insulation blanket shall be connected to the
structure with a resistance of less than 100 mg DC.

Thermal Blanket Reference Points

Each layer of Thermal Insulation Blanket shall be
connected to the structure with at least two reference
poi nts.

Metallised Foil

Each netallised foil shall be electrically connected to
the reference point of the Milti Layer Insulation.

Thermal Blanket Surface Resistance

The DC resistance between the MLI reference point and any
oint belonging to a netallised face of any foil shall be
ess than 50 Q.

Satellite Goundi ng Provisions

If the satellite design does not provide a continuous
nmetallic structure which can be utilised for equipnent
grounding, the satellite shall have grounding provisions
for:

. saf ety-grounding of netallic chassis and shields of
equi prent contai ning hazardous voltage systens,
during ground operations with access to the
grounding provision so that it can be connected
with the facility safety ground;

equi pnent grounding of equipnment secondary power
systens, harness shielding etc. This grounding
provision shall have |ow inpedance consistent with
Section A 4.9.7.13.

Satellite GCenerated Emissions

Wth respect to satellite generated spurious

el ectromagnetic emssions, both radiated and conducted on
power and signal lines, the satellite shall conply wth
AD33.

I nstrunment Generated Emissions

Further specific constraints on satellite generated
radi ated and conducted enissions for conpatibility with
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the Payload experiment, shall be identified by the
Contractor as Speci fi c METOP satellite EMC requirenents.

Launcher Generated Emissions

The METOP Satellite shall be designed to be conpatible
with the launcher radio and el ectromagnetic environment
as specified in AD5 and AD6.

Passive Intermodulation

The METGP satellite design shall prevent the occurrence
of Passive Inter Mdul ation Products (pPIMPs) bet ween RF
transmitters Whi ch coul d have a detrimental effect.

EMC Analysis

Upon ESA approval, EMC analysis tools can be used to
assess the eMc design of the MeTOP Satellite. In this
case, an extra margin of at least 6 dB shall be taken
into account to cover nodel uncertainties.

A.4.10 MECEANICAL DES| GN RRQUIREMENTS

A.4.10.1

A.4.10.1.1

A4.10.1.2

A-4.10.1.3

Mechanical Desigm

Strength

The primary and secondary structures and equipnent of the
MeToP Satellite and its GSE shall be of adequate strength
to withstand, without detrimental deformation at limt

| oad, without yielding at yield load and without failing
at ultimate load, all credible conbinations of |oads and
associ ated environments encountered during Gound and
Flight activities including assembly, transport, [aunch
and orbital operations.

The fol | owing sources shall be referred to for desi %n
strength and ot her phﬁ/smal properties for use in the

design of the flight hardware:

MIL-HDBK-5D for netals (RD21);

M L- RDBK-17A for |am nates and bonded structures
(RD22) ;

. ot her sources approved by ESA

For all applications, material *a* allowable values shall
be used except for stiffnees where nean val ues shall be
used. Refer to the definition of =a~ allowable values in
RD20.

Safe-Life/Fail-Safe Design

Al'l load carrying hardware of the METGP Satellite shall
be designed for damage tol erance and neet safe-life
requirements as the preferred design criteria or fail-
safe requirenents utilising nechanical redundancies.
Attachment Hardware

The attachment hardware (such as bolted orriveted
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joints) shall be designed to be fail-safe.

Practure Control

The METOP structures and pressurised systens shall be
designed and verified according to the fracture control
requirements of to the extent identified in Annex B of
the SON with the following qualifications:

Identification of PFCI's

The identification of Potential Fracture Critical
Items (PFCI's) shall be limted to the following
itens:

. Pressurised Systens

. Rotating rmachinery
Fasteners in safe-life application
Itens fabricated using welding, forging or
casting, and used at limt stress levels
exceeding 252 of the ultinate tensile
strength
Non-netallic structural itens

Pressurised Systens

All pressurised lines and fittings shall be proof
tested to at least 1.5 x Maxi mum Design Pressure
(MDP) .

Rotating Machinerv

Rotating mnachinery (reaction wheels and gyros)
shall be proof spin tested to at least 1.1 x
nom nal operational speed.

Fast eners

Fasteners shall be classified and anal ysed as any
other structural item Fasteners snaller than M
shall not be used in safe-life application. For
fasteners equal to or larger than M5, the following
requirenents apply:

Titanium alloy fasteners shall not be used in
safe-life application.

. Al Potential Fracture Critical Fasteners
shall be procured and tested according to
aerospace standards or specifications wth
equi val ent  requirenents.

. Al safe-life fasteners shall be marked and
stored separately following NDI or proof
testing.

Welding, Forging or Casting

For each ofthe itenms identified as PFCl, a crack
gromh (safe-life) analysis shall be perforned,
dermonstrating that no failure will occur within 4
times the conplete service life.
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.6 Non-petallic Structural ltems

Non-metallic structural itens shall be proof
to at least 1.2 x limt |oad.

| npact Damage Tolerance

METOP equi pnent boxes shall be designed for "bench shock"

| oads, and the integrated METOP assenblies shall be

protected (e.g. by guard rails in the GSE) from inpact

| oads by ground operations personnel and transport

Qualification/Design |oads

For design and qualification purposes, a qualification

factor of 1.25 shall be applied to all flight limt

| oads.

Margins of Safety

Al structural /nechanical items shall have positive

margins of safety for all load conditions, using the

applicabl e safetP/ factors specified in the follow ng

table, on top of the qualification/design |oads:
Components/Load Cases Minimum Pactors of Safety

{a)

Non Pressure Load Cases I[b]
[C]:

® General Structure, Metallic

® Non-Metallic Structures

® Mechanisms and Mechani sm
Components

Proof Yield Ultimate

For Pressure Loads [c):

e Pressure Vessels
o Pressurised Conponents:
- Lines and Fittings:
> | ess than 38mm
di anet er
> 38mm di anet er of
greater

- Val ves, regulators etc.

® Sealed boxes
® Potentially explosive

containers

a. No yielding is pernitted at proof |load or pressure.
Protoflight hardware shall not yield at any
testing. An uncertainty factor of 1.25 shall
appplied to flights linit loads derived from the
launcher/satellit prelininary coupled dynamc
anal ysi s.

b. If structures are verified bv analysis only,

.25 for yield (metallic structures) and 2.0
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ultimate conditions %rretal lic and non-netallic
structures) and 2.0 for ultimate conditions
(metallic and non-metallic structures) shall apply.
Use of this option requires prior approval by ESA

C. 1) For conbined |load, where L(P) is the |oad due
to maxi num operating differential pressure
and L(M is the non-pressure limt load, the
factored load case (ultimate) shall be: 1.5
L(M) + 1.5 L(P).

2) For load cases involving thernal |oads, the
thermal stress at the applicable tenperature
shall be factored by 1.5 to deternine an
equivalent ultinate thermal load, and this
shall be added to 1.5 times the non-pressure
| oad and/or pressure |oad.

3) Where pressure and/or tenperature relieve the
mechani cal load, a Factor of Safety of 1.0
shal | be used for L(T) and L{P}. In this
case, L(P) shall be based on m ni mum
operating pressure.

Static/Dynamic Characteristics

The METOP Satellite configuration shall be designed such
that under limt load conditions, at the applicable worst
case environments, the ®as designed" static envel ope
(including the root nean square manufacturing tolerances)
will not exceed the allowable dynam c envel ope during
ground, transport, launch and on-orbit phases.

Oh-Obit Loads Attenuation

The METOP Satellite structures shall be designed to
attenuate as nuch as possible the transnission through
the mounting interface of each equipment of any dynamc
load and vibration generated on-orbit in the Satellite by
other instruments.

Dynam ¢ Coupling

The nechanical itens shall be designed as far as possible
such that they meet a nininum eigenfrequency of 100 Hz
(TBC), plus margins in case of analytical prediction, to
elimnate dynamc coupling or to wthstand dynanic
factors induced by coupling, whatever is nore mass/cost
effective. This applies both during launch and on-orbit
operations.

Launcher Frequency Requirement

In order to avoid dynamc coupling between the low-
frequency of the |auncher and the METOP Satellite nodes,
the satellite shall be designed with a structural
stiffness which ensures the frequency requirenents
specified in ADS and AD6.

Equipment Frequency Requirements
The first natural frequency of METOP equipnent shall be

above 100Hz (intended for an equiprment nounted on an
infinitely rigid interface). In case of equipment
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containing stowed mechanical parts the requirements can
be lowered to 60Hz.

Wiere this requirenent cannot be met the Contractor shall
perform specific analysis to support acceptance of the
desi gn.

Dimensioning Loads

During the launch, |ow frequency dynamc and static |oads
are to be conbined to produce the Quasi-Static | oads
(osL). In this respect, the flight limt |oads

encount er ed b% the MXTOP satellite at the given nost
critical flight events are specified in ADS and AD6. The
design and dinensioning of the METOP Satellite primary
structure shall wthstand the nost severe |oad

conmbi nation that can be encountered at any given instant
of the flight.

Design Life/Fatigue Life

Al nechanical flight hardware shall be capable of
surviving a total nunber of mission cycles at least 2
times greater than the total nunber of expected
applicable mission cycles, including ground operations
(handling, transportation and testing).

The factor of two applies also to the fatigue life ofthe
residual load path in case of fail-safe structures.

Creep

The design shall preclude cumulative creep strain |eading
to rupture, detrinental deformation, or creep buckling of
conpressi on nenbers.

Thermal Distortion

The effects of thernmal distortions and ofthermally

i nduced nechanical stresses shall be taken into account
in the mechanical design itself and in the design ofall
the interfaces.

Mounting Brackets

Where necessary, flexible mounts brackets shall be
provided by the METOP structure in order to alleviate any
risk of high interface forces and distortion at the
interface.

Structural Bonding

The design of the METOP structural parts shall take into
account the requirement of electrical continuity between
equi prent and the structure and between all structural
el ement s.

GSE Interfaces

The METOP Satellite shall be provided with adequate GSE

mechani cal interface points for (r;round handling, lifting
and transportation either in full launch configuration
and in all intermediate assenbly configurations as

requested to support the AIT activities.
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Interface points between MGSE and the satellite shall be
designed as fail-safe.

MGSE Safety Pactors

The METOP Satellite MGSSE shall be designed by applying
the Safety Factors specified in the following table:

Safety PFactors

Items

Yield [a) Ultimate (a] I
e S e |
MGSE 3 [b) 3 [b) |
Lifting Devices [c] 3 5 (d] "

MGSE Interface Porces

The transmission of forces within the interface contact
points between MSSE and any flight interface shall be the
same as during flight, except ere MGSE dedicated
attachment points are fitted to the Satellite.

Fluids Selection, Bandling and Storaae

Fluid Design Marging

The design shall provide for an adequate nargin between
the operational and fluid phase dependent critical
regions. It shall be possible to monitor the margin
during operations to preclude hazardous conditions
arising.

Fluid Losses

Fluid losses due to venting, boil-off or over-board
dunmpi ng shall be controlled events and shall conply wth
the environnental, contamination and safety requirements.
The design shall prevent uncontrolled accumulation of
hazardous fl uids.

Fluid operation

The MeETOP Satellite shall provide the capability, to the
extent required by the specified operational scenario, to
store, transfer, NMONi tor, manage, service and de-service
fluids in a controlled manner.

Fluid Containers

The design offluid containers and conponents shall
exclude or mnimze fluid dynamc effects.

Vibrations in Fluid Lines

The design of flexible lines and bellows shall exclude or
mnimze flowinduced vibrations (see ADl6, MSFC-DWG-
20M02540 for applicable requirements). Induced nmotions or
nmoments resulting from fluid transfer dynamcs and
venting shall be controlled.
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Fluid Handling Rquipment

Fluid handling equipnent shall inplenent the specified
design safety factors of the flight configuration for all
items in this equipnent which are in direct contact with
these fluids.

Mechanisms

Mechani cal Design

Mechanisms shall be designed to neet the nechani cal
interface and performance requirements and to withstand
the predicted environnment during handling,
transportation, testing, storage, launch and orbital
lifetime wthout danage or degradation.

Strength Requirements

Mechani sms shall be considered as structures as far as
strength and stiffness aspects, therefore their design
shall conply with the stiffness, strength and, where
applicable, fracture control requirenents inposed onthe
other structural conponents.

Strength Safety Margins

Mechani sms shall be designed with a positive nargin of
safety against yielding and against ultimte under all
environmental and operational load conditions. In the
comput ation of safety margins the following safety

factors shall be used tfor standard metallic materials:

yield stress factor of safety: 1.25
ultinate stress factor of safety: 1.5

Gher nmaterials require ESA approval of required safety
factors on a case by case basis.

The following specific safety factors apply on the
identified conponents:

cables, ultimate stress factor of safety: 3

nmechani cal stops, shaft shoulders and recesses,
against vyield: 2

Torque/Force Ratio

The flight mechanism actuators (electrical, nmechanical,
thermal and others) shall be designed to provide,
throughout the expected operational life and over the
full range of travel, actuation torques/forces exceeding
at | east by a factorof2 t he conbi ned worst case
resistive torques/forces in addition to any required
deliverable output torque/force. The mninmm uncertainty
factors defined in the table below shall be applied to
the resistance conponents in order to derive the worst
case resistive torques/forces:
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Component Symbol Uncertainty Factor
Intertia | 1.1
Mass M 1.1
Spring 1.2
Friction Fr 3.0 [a]
Hysteresis Hy 3.0 [a]
Others (Harness) Ha 3.0 [a)
Adhesi on Hd 3.0

Hence the mninmum required actuator
worst case resistive torques/forces,
foll owing equations:

Ta

Fa

torque/ force against
is defined by the

TL + 2.0%(1.1+I*d*2Q/dt 2+1.2*S+3*Fr+3+*Hy+3.0*Ha+3*Hd)

FL + 2.0%*(1.1%*M*dV/dt+1.2*S+3*Fr+3*Hy+3.0*Ha+3*Hd)

where TL and FL are respectively the required output

t or que/ | oad.

Kinetic energy ofthe noving conponents shall not be

considered in the provision of
overcone the resistive

actuation torque/forces to
torque/ f or ces.

If the mechanism function is achi eved/hassi sted by any of
t hen

the tabul at ed
factors shall
nmul tiplication

Spring Actuator6

resistive conponents,
be used as dividing factors rather than
factors.

the uncertainty

When using spring actuators to drive mechanisms, the
be met by the
design/ measured spring torque/force derated by 202.

torque/force ratio requirenent

Status Monitoring

The design of

_ mechani sms  shal |
to nonitor the execution of
critical nechanisnms shall

a nonitoring of its critical

shal |

i nclude appropriate means
its main functions. M ssion
be designed in such a way that

function(s) shall be

performed by the CCS and telenetered to ground.

The nonitoring shall
conditions and,

As a mninmm all
the AscaT deploynents shall

nmoni t ori ng.

as appropriate,
phases of

i nclude stowed and depl oyed

progress of depl oynent.
the sol ar

array depl oynent and

For any notorised deploynment it shall

ground command,

have progress of deployment

be possible, by
to reverse the depl oynent

di rection.
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Lat chi ng/ Locki ng

hat ching nechanisns used to assure positive |ocking,
either in stowed or deployed condition, shall be designed
to avoid inadvertent unlocking by vibration or shock
under operating conditions. Locking or Iatching

mechani sms shall be designed to be operable by a single
control and shall provide a clear indication of whether
the latch/lock is open or closed.

Electrical actuated deployables require positive
| at chi ng.

The latch capture range must be sufficient to ensure
capture of the mechanism over the conplete range of
tenperatures/tenperature gradients and manufacturing
t ol erances.

Wiere latching is not achieved on initial conpletion of
motion, the design shall not prevent subsequent
successful |atching.

Latches nust be sinple and self-locking and nust be
easily resettable for ground testing. O |'oad” nechani sns
shall be capable of being operated manually for
protection during handling and transportation.

End Stops

Mechanisms with restricted travel/rotation shall be
provided with regular or energency mechanical end stops
to linmt the motion and travel extremes to the maximm
position for proper functioning of the actuated item and
to prevent interference with interfacing equipnent. The
mechani cal stops and arrested mechanism shall be designed
to withstand w thout danage the maxi mum shock | oads
possible. The shock |oads shall be conpliant with the
requirements on adhesion forces. Contact with a stop
shall not result in a non-recoverable situation.

El ectrical deploynment indicators f(e.g. nicro switches)
shall not be used as mechanical end stops.

Separable Contact Surface8

Separable contact surfaces shall be designed to mnimze
the adhesion force in all events. The contact between the
mati ng surfaces shall be well-characterized and
reproducible, especially for the area of contact,
alignnent and |oad conditions.

The Hertziam contact pressure shall be denonstrated to be
bel ow s0% of the yield limt ofthe weakest material.

Sliding at the separable contact surfaces shall be
avoided as far as possible. \Wwere not possible,
lubricated hard surface coatings shall be applied to
prevent fretting.

The torque/force ratio of the actuator which separates
the contact surfaces shall be denonstrated by test to
provide 3 times the worst possible adhesion force in

representative environmental conditions.
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ground and on orbit (including self-induced environnents).

This may be achieved by either:

a) Directly withstanding the applicable thermal environment
or

b) Protecting from environnent by specific thermal control
means.

Thermal design shall be verifiable by analysis or test.
Thernal Desiagn life
The METOP Satellite thernal design shall cover the conplete

nominal and contingency operating node range as defined in the
Operations scenario.

Thermal coatings of the METOP Satellite shall have linited
degradation, and the thernal design shall be consistent with
the worst case degradation over the planned orbit-life.

Mechanisms Thernunl Desian

The thermal design of nechanisns shall take into account the
geed for representative thermal vacuum testing to verify the
esign.

Then?\orrechani cal interfaces shall be designed to nininize the
i nduced stress and to inprove the thermal isolation if
necessary.

Designs which preclude sinulation of orbital thermal conditions
during ground testing shall be avoided.

Instrunent Thernal _Reguirements

The METOP Satellite thermal design shall allow the
accommodation of tw different categories of instrunent:

a) thermally integrated instruments, i.e. instruments whose
temperature is fully controlled by the Satellite Thernal
Control during all orbital phases

b) thermally decoupled instruments, i.e. instruments which
are, as far as possible, thermally isolated from the
satellite and have neans for self-thermal controlling
(only power provided to the instrument by the Satellite).
For this type of equipnent there shall be controlled
interfaces between equipnent and Satellite, which may
include some dedicated thermal control by the Satellite.

Externally Munted |Instrunents

Externally nounted instruments shall be treated as thermally
decoupl ed equipnent, i.e. they shall be thermally isolated from
the METOP Structure to the maxi num extent practicable whilst,

at the sane tinme, respecting the applicable structural
requirenents.

Non- Qoer ati NS __Temperatures

The METOP Satellite thermal control shall guarantee that,
during Payload Of or Instrument Of phases, each equipnent
survival tenperature is naintained.



A 4.11.8

A.4.11.9

A 4.11.10

A.4.11.11

A.4.11.12

Doc.No. : MO- RS- ESA- SY- 0023
Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-00

O at

The thernal design shall be optinmsed to achieve the required
erformances with the mninum resources allocation. Where
eaters are used, the heater design and nethod of operation
shall be such as to mininmse both the heater power

requi renents, the nunmber of commandable switches and the
frequency of operation.

Thermal Design Maragin

The METOP Satellite thermal control shall be designed with
sufficient margin to allow final triming if needed after
system thermal qualification tests.

Surface Thermal Properties

Thernmo-optical properties and tenperatures of METOP Satellite
surfaces which affect the overall Satellite induced thermal
environment with self-induced emtted and/or reflected
radiative heat fluxes shall have limted variations over the
METOP satellite lifetime, in order to mnimse differences
bet ween beginning and end of |ife perfornances.

Thermal Failure Mde Operations

The METOP Satellite shall have the capability of detecting and
overcoming / isolating the following failures, for continuation
of nomnal flight operations:

failures of the thernmistors used for heater control
and/or tenperature nonitoring;

open circuit/short circuit failures of the heater I|ines;
vi ol ati on of temperature limits.

The thermal control system shall be tolerant to independent
heater line failures.

| ndependence

The METOP Satellite thermal control shall be flexible enough to
guarantee the METOP continuation of nomnal flight operations
also in case ofa selected worst case conbination of nom nal
and failure nodes anong the Payload |nstrunents.

A.4.11.13 Temperature Moni toring

Flight electrical/electronic equipnent dissipating nmore than 10
watts average shall be instrunented with at |east one
tenperature nonitor mounted close to the area of highest

di ssi pati on.

A-4.11. 14 MNeasurement Poi nt Optimisation

The thermal design shall allow the nminimzation of the total
number of neasurement points required, whilst providi ng
sufficient flight tenperature measurenent points in order to
have a non anbiguous status of the correct functioning of the
thermal control subsystem



A.4.10.3.10

A 4.10.3.11

A.4.10.3.12

A.4.10.3.13

A 4.10.3.14

Doc.No. : MO RS- ESA- SY- 0023
Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-T77

Mechani sm Lubrication

Mechani sms shall only enploy |ubricants which are space-
qualified according to ESA product assurance
requirenents.

Dry lubrication is preferred.

Liquid lubricated systems shall be sealed to prevent
outgassing, creeping and possible sources of
contam nati on.

Bal | Bearings

If ball bearings are used, they shall be pre-loaded. Pre-
| oading shall be applied by solid pre-load or produced by
conpliant |oading techniques which do not require sliding
at the bearing nounting Interfaces.

Gear 8

The dinensioning, sizing and verification of gears shall
be performed according to the international standard
1s0/D1S/6336 and its reference docunents.

Clearances

Wen design and locating novable, actuating, or simlar
mechani sms, adequate clearance shall be provided to
prevent:

. interference (collision) with the structure;

contact with electrical wiring and conponents,
thermal insulation, or other subsystem conponents;

puncture of fluid lines, valves and tanks.
Desi gn Life/Fatigue Life

The lifetime of a mechanism for design purposes shall be
determined by using the sum of the predicted nomi nal
ground test cycles and the in-orbit operation cycles and
by multiplying the predicted nunber by the factors
indicated 1n the following table:

Type/Number 0Of Predicted Cycles Factors

G ound Testi ng:
nunber of on-sround test cycles (nmninum 10) 4
In-Orbit Predicted Cycles [a]:
1 to 10 actuations 10
11 to 1000 actuations 4
1001 to 10000 actuations 2
> 10000 actuations 1.25
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As actuation, a full output cycle or full revolution of
the nechanism is defined.

Any elenent in a chain of actuation (notor, bearing,
gear, etc.) has to be conpliant with the maxi num nunber
of cycles applicable to any of the remaining elenents in
t he chain.

The lifetime ofa mechanism shall be denonstrated by test
in the appropriate environment.

A.4.10.3.15 Pyrotechnics

Mechani sms shall allow re-installation and verification
of pyrotechnics without need for major disassenbly of the
mechani sm when integrated on the satellite.

All %yrot echnic and other release devices shall be
redundant. Redundancy shall be provided by duplication up
to and including the level of the initiators, heating

el enent or equivalent for non-pyrotechnic devices, and
rel evant power supplies.

As a mininum properties such as strength, shock inpulse,
redundancy, performance output, sealing and operation at
tenperature extremes under vacuum must have denonstrated
their performance requirenents.

The operation of release devices shall be conmpatible wth
the cleanliness requirenents and shall not endanger the
operation of the mechanism due to debris generation.
Suitable neans of debris containnent shall be included if
necessary.

A.4.10.3.16 Mechanisms Redundancy

Redundancy concepts shall be selected to mninise single
points of failure and to optimse reliability for the
mssion. Were a single point of failure is identified
and redundancy cannot be provided, the required
reliability shall be denonstrated. Active elenents of
mechani sms such as sensors, notors, actuators, switches
and electronics shall be redundant. Failure of one
element shall not prevent the other from performing its
intended function, nor the equipment from neeting iIts
performance requirenents.

A.4.10.3.17 Mechanisgms \Verification

The nmechanisms anal ytical verification shall include
functional performance analyses in all possible
environnments for all operational conditions. The

mechani sms  anal ysis shall include worst operation case

i dentification.

Al flight mechanisms shall be designed to allow ground
verification testing of their orbital configuration. The
mechani sm design shall be conpatible with operation in
anbient and thermal vacuum conditions.

Tests shall be performed to check Mechanisms performances
in both launch and operational configurations.

A.4.11 THERMAL DESI GN REQUIREMENT

A.4.11.1 Overall Thermal Requirements

The MeTOP Satellite shall be designed to withstand, operate and
perform as specified, in the natural and induced environments
which it will experience throughout its lifetime, both on
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A.5  INSTRUMENT REQUIREMENTS
A 5.1 METEOROLOGICAL INSTRUMENTS

In the following Sections the descriptions and performance
characteristics-are for information only.

Note however that the DCS antenna and associ ated RF accessories are
is not part of the CFE and shall be provided by the Contractor. They
are specified in AD19.

A.5.1.1 MHS
A5 1.1.1 Degcription
MHs is a five channel self calibrating mcrowave scanning
radioneter. The channels in the frequency range 90 to 190
GHz provide a hunmidity profiling capability. The measured
signals are also sensitive to:
liquid water in clouds and hence can be used to
measure cloud liquid water contents;
graupel and large water droplets in precipitating
clouds and hence can provide a qualitative estimte
ofprecipitation rate.
A-5.1.1.2 Performance Characteristics
— ]
Channel Centre Frequency Max. Temperature
(GHz) Bandwi dt h Sensitivity
(MHZ) (K)
- ———————————— ———————————— ————————————————————————|
2 _ | 89700 2800 L0 L0
1L 1183.311 +/- 1.0 | 1000 1 1.0 [
" 4 183.311 +/- 3.0 2000 1.0
|| 5 183.311 +/- 7.0 4000 1.0
A5.1.1.3 Interface Requirenents
The interface requirements of this instrunent are
specified in AD34.
A5.1.2 AMSU Al
Aa.5.1.2.1 Description

AVBU-A is alb channel instrument, consisting of two
separate nodules, AVMSU-Al and AMSU-A2.

AVBU-Al is a 13 channel (nunmbers 3-15) scanning m crowave
instrument which is used to obtain data to calculate
tenperature and humdity profiles of the atmosphere from
the Earth's surface up to the stratosphere.

AMsU-A1 has 2 scanning reflectors wth nonmentum
conpensation and provides sounding in 13 channels. The
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footprint at nadir is 50 km The scanner has 30 Barth
pointing positions with a separation of 3.333 deg between
them 1 cold calibration position, and 1 warm calibration
position. A full scan takes 8 seconds.

Performance Characteristics

Centre Fresquency Bandwi dt h NE Delta T
(GHz) (aEz) ({K)
3 50300 180 0.4
4 52800 400 0.25
5 53596 +/- 118 170 /2 p.b. 0.25
6 54400 400 0.25
7 54940 400 0.25
8 55500 330 0.25
9 57290.344 = Flo 330 0.25
10 Flo +/- 217 78 0.4
11 Flo +/- 322.2 36 0.4
+/- 48
12 Flo +/- 322.2 16 0.6
+/- 22
13 Flo +/- 322.2 8 0.8
+/- 10
14 Flo +/- 322.2 3 1.2
+/- 4.5
15 89000 6000 0.5

Interface Reguirements

The interface requirements of this instrunent are
specified in AD34.

AMSU A2

Description

AMSU-A2 is a two channel scanning mcrowave instrunent
(channel nunbers 1 and 2), which is used to obtain data
to calculate tenperature and hunidity profiles of the
at mosphere from the Earth's surface up to the

strat osphere.

AMSU-A2 has one rotational scanning reflector wthout
nmonent um conpensation and provides sounding in 2
channels. The footprint at nadir is 50 km The scanner
has 30 Earth pointing positions with a separation of
3.333 deg between them 1 cold calibration position, and
1 warm calibration position. A full scan takes 8 seconds.
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Per f ormance Characteristics

NE Delta T
(X)

Bandwi dt h
(MHZ)

Centre Frequency
(MHZ)

1
" 3 31400 180 0.1

Interface Requirement8

The interface requirenents of this instrument are
specified in AD34.

AVHRR/3

Description

The Advanced Very H gh Resolution Radionmeter, AVHRR/3
scans the Earth surface in six spectral bands in the
range of 0.7 - 12 mcrons.

It provides day-night inmaging of land, water and clouds,
measures sea surface tenperature, ice snow and vegetation
cover and characteristics.

AVHRR/3 has an instant foot print in nadir of 1.1 km
Scanning is cross-track with a total field of view of +/ -
56 deg about nadir. Instrument's detectors are passively
cooled to less than 100 K.The instrument uses an
internal rotational scanning mirror which also views deep
space and an internal calibration source.

Performance Characteristics

Channel Central Hal f Power Channel Noi se
VWavel engt h Points (microns)
(microns)
1 0.630 0.58 - 0.68 S/IN9:1 @
0.5% al bedo
2 0. 862 0.725 - 1.00 S/IN9:1 @
0.52 al bedo
3a 1.61 1.50 - 1.64 S/'N 20:1 @
0.5% al bedo
3b 3.74 3.55 - 3.93 0.12K @ 300 K
4 10. 80 10.30 - 11.30 0.12K @ 300 K
5 12.00 11.50 - 12.50 0.12K @ 300 K

Interface Requirement8

The interface requirenents of this instrument are
specified in AD34.
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HIRS/3

Description

The Hgh Resolution Infra-Red Sounder, HIRS/3, which
scans the Earth surface in twenty spectral bands in the
range of 0.69 - 14.95 mcrons.

It provides data for temperature - altitude profiles,
moi sture content, cloud height and surface al bedo.

HIRS/3 has an instant foot print in nadir of 20 km
Scanning is cross-track with a total field of view of +/ -
49.5 deg about nadir. Instrument's detectors are
passively cooled to 100 K.The instrument uses an internal
step scan nmirror which scans in 1.8 deg increnents at a
set rate of 10 steps per second.

Performance Characteristics
The sensitivity, as noise equival ent spectral radiance,

NE delta N, in mW/(m*2 ST em®-1)is given in the
following Table

Channel # Sensitivity NB Delta N
(microns)
1 14.95 3.00
2 14.71 0. 67
3 14. 49 0. 50
4 14.22 0.31
5 13.97 0.21
6 13. 64 0.24
7 13.35 0.20
8 11.11 0.10
9 9.71 0.15
10 12. 47 0.15
11 7.33 0.20
12 6.52 0. 20
13 4.57 0. 006
14 4.52 0.003
15 4,47 0. 004
16 4. 45 0. 004
17 4.33 0.002
18 4.10 0.002
19 3.76 0.001
20 0.69 0.10% albedo
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Interface Requirements

The interface requirements of this instrunment are
specified in AD34.

Description

The Data Collection System DCS, known also as ARGCOS,
collects data from platform transnitters (PTTs) |ocated
on continents and oceans in VHF frequency.

Marine PTTs located on buoys transmt oceanographic data,
ship PTTs weather data and oceanographic data, |and based
PTTs provide nmeteorological and hydrol ogical data and
those on ball oons atnmospheric data.

The DCS uses Doppler information to determne the
location of PTTs. The data are stored on board the
satellite for later transmssion to ground.

The DCS system consists of:

Receive and Power Unit

Signal Processing Unit

One VHF receive antenna UDA (which is not a part of
the CFE, and is specified in AD19)

Per f ormance Characteristics

Receive Frequency: 401.65 MHz

Recei ver Bandwi dth (1dB) :80 kHz

MDS: -108t0 -131 dBm

Frequency Stability: 2 x 10%-9 over TBD sec.
Receive antenna (UDA): quadrifilar helix antenna
Maé..gai n: +6 dBi at 60 deg off nadir, -3 dei at
nadi r

Interface Requirements

The interface requirenents of this instrument are
specified in AD34.

A.5.2 OPTI ONAL _ NOAA- PROVI DED | NSTRUVENTS

In the following Sections the descriptions and performance
characteristics are for information only.

The S&R antenna and harness shall be provided by the Contractor.

A-5.2.1

A.5.2.1.1

Search _and Rescue Processor

Description

The system acts as a transponder and distress locator for
SARSAT distress termnals.

The Search & Rescue Processor (SARP) receives and
processes energency signals from energency |ocator
transmtters (ELTS) |ocated on downed aircraft and
receives signals from Energency Positions Indicating
Radi o Beacons (EPIRBS) |ocated on ships.



Doc.No. MO RS- ESA- SY- 0023
Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-86

SARP energency data is transnitted to a ground station
network called Local User Terminals (LUTS) via the Search
& Rescue Repeater (Chapter 5.1.8) when the repeater is
within the range of a ground station.

The LUTS forwards data toa mission control centre which
then notifies rescue forces.

SARP neasures received frequencies, allowing the use of
Doppl er Processing. It uses a nenory to store global data
forlater transmssion to ground stations.

Local area data are sent inmediately.

SARP consists of two boxes: a Receiving and Power Unit
(RPU) and a Signal Processing Unit (SPU).

A 5.2.1.2 Performance Characteristics

SARP receives signals from ELTS and EPIRBs transnmitters
via the UDA antenna from DCS.

Receive Frequency: 406.05 WMHz

Recei ver Bandwi dth (1dB): SO kHz

Dynami ¢ Range: -108 to -131 dBm

Doppl er Accuracy: 0.35 Hz (rms)

Bit Error Rate: < 2 x 10°-§

Frequency Stability: TBD

Probability of good signal processing: 0.99
Probability of correctly processing mltiple
beacons in one pass: 0.95

A.5.2.1.3 Interface Requirenent8

The interface requirements of this instrument are
specified in AD34.

A.5.2.2 Search and RescueRepeater
A.5.2.2.1 Description

The Search and Rescue Repeater, SARR, receives and
dgwnlmks energency signals fromdowned aircraft and
shi ps.

In addition, it provides a down path for global area data
received by the Search and Rescue Processor (SARP).

SARR receives signals on three separate frequencies from
energency local transmtters (ELTS) and energency
position indicating radio beacons (EPIRBS) |ocated on
ships in distress.

The SARR transnitter operates at L-band and its signal is
recei ved by Local User Terminals (LUTS), which process
the data and forward it to a mission control centre
(MCC) .

SARR receives function to recover local area signals only
and can only be used within range of a LUT.

Al local area signal processing including location by
Doppler is done at the LUT. dobal area data from SARP is
al ready pre-processed.
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two assenblies: a transmtter and a

section.

It receives the RF signals via a VHF antenna called SRA

Search And Rescue Repeater (Receiver)

Descrintion

The receiver of the Search and Rescue Repeater
receives signals at three VHF frequencies via one

antenna (SRA). It accepts also a digital input from
the SARP at a rate of 240 BPS.
The receiver section of SARR consists of there

recei vers.
Performance Characteristics

The SARR has the follow ng perfornance
characteristics.

Frequency (MHz ) Bandwi dt h (MHZ) Dynamic Rangs
| (dBm) I
e —
121.5 +-12.5 -149 to -108 [
243.0 +/-32.0 -152 to -110 “
405. 0% +/-40.0 -145 to -107 ||

Search And Rescue Repeater

Interface Reauirenents

The interface requirements ofthis instrunent are
specified in AD34.

(Transmtter)
Descrintion

The three receiver outputs are frequency translated
to provide sideband separation before phase
nmodul ating the down link L-band transmtter.
data is modulated directly on the carrier
transl ation.
const ant

SARP
wi t hout

Provision is nade to naintain a
value of the nodul ation index.

Performance Characteristics

Carrier Frequency: 1544.5 kHz

Bandwi dth (RF): +/-3.2 kHz
. EIRP (nadir): TBD
Pol ari sation: LHC

Application Data Stream data from SARP SARR

Ant enna: SLA antenna
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A.5.2.2.3.3 Interface Reguirements

The interface requirements of this instrument are
specified in AD34,

A 5.2.3 SEM
A-5.2.3.1 Description
The Space Environmental Monitor, SEM is a multichannel
charged-particle spectronmeter, which senses the flux of
charged particles from the Sun's ionised plasma (at the
satellite altitude) and contributes to the solar
terrestrial energy know edge.
SEM consists of three najor conponents:
Total Energy Detector (TED)
Medium Proton and El ectron Detector (MEPED)
Data Processing Unit (DPU).
TED uses swept electrostatic curved-plate analyses with
channeltron detectors to select the particles types and
el ectrons.
MEPED has two sets of proton and electron telescopes and
an omidirectional detector.
The DPU provides timng and control, analog and digital
nul tiplexing, particle detector data processing, A/'D
conversion, data and command processing and is the
electrical interface between TED and MEPED and the
satellite.
A 5.2.3.2 Performance Characteristics

TED neasures the total directional energy flux of
electrons and positive ions travelling from the anti-
earth direction, and at 30 deg to the anti-earth
direction.
] Energy range: 50 eV to 20 keV.

Counting rate: 5 x 10“s (pps)

Sampling interval: 2sec

No. of channels: s

MEPED senses protons, ions and electrons. Its sensors
look in the anti-Earth direction and at 90 deg off nadir.

Energy range: 30 eV to 140 MeV
Counting rate: S x 10*7 (pps)
Sampling interval: 2 sec

No. of channels: 12
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A.5.2.3.3 Interface ReQquirements

The interface requirements of this instrunent are
specified in AD34.

A. 5.3 AO INSTRUMENTS

In the following Sections the descriptions and perfornance
characteristics are for information only.

A 5.3.1 IASI
A5.3.1.1 Descri ption
IASI is an Infrared Fourier Transform Spectroneter
performng a night and day passive renbte sensing ofthe
atnosphere within 3.5 to 15.5 nicrons range. |AS|
includes an "integrated inaging system" ich allows
characterisation of cloudiness inside the |FOV.
The total FOV is +/- 49 deg. from nadir.
Measurenents on cold reference targets (two views to the
space are acconmodated) and hot reference target f{om-
board black body) are taken every 8 seconds for the
updating of calibration tables.
A.5.3.1.2 Performance Characteristics
IASI transmts to the Earth calibrated spectrum of the
at mospheric colum with:
25 km sanpling distance at sub satellite point
0.25 em®-1 unapodi sed spectral resolution (0.01
cm”-1 absolute accuracy)
1 K absolute radionetric accuracy.
A5.3.1.3 Interface Requirenents
The interface requirenents of this instrument are
specified in AD34.
A-5.3.2 oMI
A 5.3.2.1 Description

The OM is a nadir-viewing spectroneter which will
observe solar radiation transmtted or scattered from the
Earth's atnosphere or fromits surface. The recorded
spectra will be used to derive a detailed picture of the
at mosphere's content and profile of ozone, nitrogen

di oxi de, water vapour, oxygen/oxygen dinmer and other
gases.

OMI's instantaneous field of view is 40 km x 2 km
equivalent to 2.8 deg x 0.14 deg. The instrunent uses a
scanning mrror which scans across the satellite's track.
Wth +/-31 deg. scan, global coverage can be achieved
within 3 days.
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A.5.3.2.2 Performance Characteristics
Band ¥avelength Pixel Resolution | Spectral
(nm) (nm) Resolution (nm)
1A 240 - 268
1B 268 - 295 0111 0.22
2A 290 ~ 312
0.12 0.24
2B 312 - 405
3 400 - 605 0.2 0.4
4 590 - 790 0.2 0.4
A-5.3.1.3 Intarf aceRegquiraments
The interface requirenents of this instrunent are
specified in AD34.
A 5.3.3 ScaRaB
A-5.3.3.1 Description
The Scanner for Radiation Budget, ScaRaB, is a four
channel cross track scanning radionmeter. The four
spectral ranges are realised using filters and pyro-
el ectrical etectors.
SCARAB neasures in the spectral range from 0.5 to 12.5
m crons.
It determines the radiation budget of the Earth
at nosphere system
A 5.3.3.2 Performance Characteristics
Channel Spectral Region (microns) | Remark
1 0.5 - 0.7 visible
2 0.2 - 4 solar
3 0.2 - 50 total
4 10.5 - 12.5 atmospheric window
A.5.3.3.3 Intarf ace Requirements

A.5.4 CONTRACTOR

A.5.4.1

The interface requirements of this

specified in AD34.
PROCDRXD INSTRUMENTS

MIMR

Thi s

section defines the overall

instrunent are

requirements to be fulfilled
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by the Multifrequency |nmaging M crowave Radiometer (MIMR)
instrument. Prior to the establishment of the MIMR |nstrunent
Design and Performance Specification (DRL M-21 then AD30 shall
be used as a guideline for the detailed instrunent
requirenents.

MIMR is a conical scanning, Milti-frequency Inaging M crowave
Radi omet er which shall inage the Earth with 6 channels in both
hori zontal and vertical polarisations.

The radioneter nmeasures the brightness tenperature, which is
related to the emssivity of the Earth surface and its
atnosphere. The emissivity of the Earth depends upon dielectric
properties of the surface naterials and atnospheric propagation
effects, all frequency and incidence angle dependent.

E),:; reconstituting the brightness tenperature field over the
rth at selected frequencies and using enpirical or

mat hemat i cal nodel s, geophysical parameters such as rain rate,
sea surface tenperature, sea ice wind speed etc. can be
retrieved.

M MR out put products are of prime inportance for an all weather
nmonitoring of the environment, and will provide useful data for
climatology and neteorology with day and night operation
capabilities and near daily global coverage.

MM will contribute to:

1 Environment
. monitoring and prediction ofthe global environnment
(GEWEX, TOGA, WOCE, etc.);
) monitoring climate and climate change (GCos).
2 Resour ce Management

snow and ice:

. forestry.
3 Met eor ol ogy (WWw)
. operational neteorol ogy;

convection and precipitation;

surface/ at nrosphere interactions.
Orbit and Attitude
Obit and attitude requirenents are defined in Section
A 4.3; MM shall be required to fully meet its
performance requirenents only in the reference orbit
defined there.
Reference (peration Profile

The instrument shall be operated continuously over each
full orbit.
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Time Management

Datation and eynchronisation of instrument data shall be
in accordance with Section A 4.6

General perability
In accordance with Section A 4.4.
runctional requirements

The functions to be ensured by the instrunment shall
i ncl ude:

. detection and data acquisition of signals from the
earth, and relevant calibration neasurenents;

data flow packetisation and transnission to the
Payl oad Data Handling and Transm ssion subsystem of
the spacecraft including datation;

interfacing to the CCS of the spacecraft for the
acquisition, scheduling, expansion, and
verification of the instrunent teleconmands as well
as for the acquisition, nonitoring, autononous
control and reporting of the instrument health and
configuration status, as specified in Section

A 4.4;

power conversion and distribution for the MM
internal equipnents;

thermal control;

mechani cal structure, mechanisns to satisfy the
mssion and the operational requirenents.

operational requirement8

The instrunment shall be conpatible with any satellite
mode, all mssion phases and shall function during
routine mode changes of other instrunents.

The instrunent shall not obstruct other instrunent
fields-of-view when in stowed configuration or during
depl oyment or when operating.

Besides the noninal nodes of operation, the fol|own
specific instrument support nodes shall be considered and
defined as necessary:

l'aunch nmode with no or very limted power
consunpti on;

safe/survival nodes ensuring the safeguard of the
instrument when the satellite is not operating
nom nal | y;

non-operation (standby) node nininizing the power
consunption when the instrument is not operating in
its normal or calibration nodes;

back-up node ensuring the safe instrument survival
in case of severe instrunent failures, e.g. failure
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in the instrument control unit.

Calibration nodes (TBC) shall be considered for the
execution of the in-flight instrument calibration
required to achieve the instrunent performance.

The initial switch-on phase of the instrument shall be
designed such that the transition from standby to
operational node, during which the rotation motor spins
up, shall be perfornmed In optimum ground station
visibility.

The design of the instrument shall be such that its final
mechani cal balancing in orbit is made via ground control
command. In this remote control node, the telenetries and
commands necessary to operate the instrument shall be
conpatible with the Commi ssioning Phase planning.

Dasign requirenment8

The instrunment shall be designed in accordance with
Section A 4.6 Section A 4.9, Section A.4.10 and Section
A.4.11.

Auxiliary data necessary to interpret or use the
observational data shall be contained in the science data
stream

MIMR Performance Requirements

Definition of ImpulseResponse Function and
Mbdul ati on _Transfer Function

The Inpul se Response Function, IRF, h{u,v)is
specified as the two-dinensional response to a
point target. The u and v paraneters are the along
and across track coordinates measured on the
surface of the Earth reference ellipsoid.

The two-dinmensional spatial resolution (resolution
cell) is defined in the principal cut in each of
the along track and across track directions on the
sub-satellite track, and is given by the width of
the inpulse response function (IRF), where the
intensity reaches 50% of the peak value. This
spatial resolution cell may rotate with the conical
scan.

The nodul ation transfer function, MIF, BR(U,V)is
specified as the Fourier transform of the inpulse
response function. U and V are the spati al
frequencies of the MIF in the along and across
track cuts, and are expressed in km“-1. The MTF of
the space segment characteriges the spatial
transfer function of the onboard Science Data
Chain. This space segment MTFshall include, in a
non exhaustive list, the effects of the antenna
pattern, the detector, the on-board integrator, the
sanpling, the altitude/attitude variations, the
scanning, and the on board digital processing
paraneters.

The two-dinensional spectral resolution is given by
the width ofthe nodulation transfer function,
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where the spectral intensity reaches 50% of the
peak value.

Radi ometric Performance

The required radionetric performance is given in
the follow ng Table.

Radiometric Radiometric
Sensitivity Stability Accuracy (K)
t {K) {KX)
1 0.2 0.2 1.0
2 0.4 0.4 1.0
3 0.5 0.5 1.5
4 0.5 0.5 1.5
5 0.5 0.5 1.5
6 0.7 0.7 1.5

Radi ometric sensitivity, or Noise Equivalent delta
Tenperature (NE delta T), is defined as the mininum
detectabl e change of the brightness tenperature
incident at the antenna collecting aperture. The NE
delta T values shall be defined as the standard
deviation of the radiometer output in degrees

Kel vin (K) when the antenna is viewing a 300 K

uni form target, except for channels 1 and 2 where
150 K will be considered. For the radionmetric
sensitivit conputation, the integration time shall
be defined as the dwell time needed by the beam to
cross a pixel, whose dinension would be equal to
the along track footprint size defined by the half
power beam wi dt h.

Radi onetric stability shall be defined as the time-
varying conponent of the radiometric error in the
M MR neasurenment. It conprises the short term and
long term variations over an integration period
sufficient to renove the radionetric signal
variations.

Radi onetric accuracy shall be defined as the time-
invariant part of the radionetric error in the MIMR
measurenent. Accuracy is representative of
determnistic errors of paraneters, affecting wth
a bias the nean inferred brightness tenperature
(where fluctuations cancel).

The sum of the radionetric accuracy and radionetric
stability provide the difference between the
brightness-tenperature inferred from the nicrowave
radi ometer observing a blackbody test scene and the
brightness tenperature of this blackbody target.

Aliasing definition

Aliasing effect is due to instrunent sanpling
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frequency constraints which limt the higher
spatial frequency content of the MTF of the
instrument. It is defined as the error between the
instrunent output not sanpled and the instrunent
output re-constructed by using the available
sanples, all quantities excluding any stability and
accuracy errors as defined in Section A.5.4.1.8.2.
Aliasing figure shall be expressed in percentage.

Sampling distances

This requirement defines the on-board sanpling as
provided bythe instrunent at its interface wth
the platform Sanpling shall be such that its
contribution to aliasing errors is ninimzed, yet
it shall be conpatible with the other requirenments
of this specification and in particular wth the
instrunent data rate limt of Section A5.4.1.12. 2.

1 Al ong track: the sanpling distance in the
along track direction is governed by the on
ground speed of the spacecraft (altitude
dependent) and the rotation rate of the
antenna. Antenna scanning shall be such that
along track equisanpling is provided.

2 Across track: the distance between two
sanples across track is governed by the scan
rate and the selected sanpling tine.

As a result of previous studies, the .
preferred sarrplln? scheme is as indicated in
the follow ng Table.

Channel Sampling Distance Sampling Distance
al ong-track (km) across-track (lkm)

1 13.2 14.8

2 13.2 7.4

3 13.2 7.4

4 13.2 7.4

5 6.6 3.7

6 3.3 1.9

Svstem dvnamic range

The performance requirements shall be met over the
full dynam c range.

The dynanic range of the radioneter channel shall
be from2 X to 330 Kk without the need for any
ground tel ecommanded offset adjustnent in the
measurenent chain during nominal flight operating
condi ti ons.
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I ncidence Anal ?

The angle between the beam electrical boresight
direction and the normal to Earth surface at the
point of interception of this boresight direction
with the Earth surface shall be 55 deg (TBC).

Swath width

The imaging swath shall be greater than 1600 km
(TBC) .

Due to possible offsets of the swath with respect
to the sub-satellite track the gaps in coverage,
leading to non-imged caps at the poles may be
different in the two polar regions. Neither cap
shal | exceed 500km in dianmeter (TBC).

Localisation

After ground processing, the data shall be
calibrated to within the radionetric accuracy and
stability requirenents and geonetrically corrected
such that the centre of any channel can be |ocated
in Earth coordinated to +/-2 km (TBC).

Channel Assignnment and Requirenent8

The MIMR instrunent shall be aechannel total power

m crowave radiometer including both vertical and
horizontal polarisations for all channels. This section
specifies the requirenents of the receiver channels
defined as the subsystem whose inputs are the collecting
apertures of the receivers (the horns) and whose outputs
are the digital data as transnitted to the PDHS.

ggggggngz

The following Table lists the centre frequency
channel assignment to be used for the MM
i nstrument .

Frequency Stability
(MHZ)

Centre Frequency
(GHz)

1
2 10. 65 5

3 18.7 10

4 23.8 20

5 36.5 20

6 89 20 _

The frequency stability listed in the Table is the
maxi mum deviation from the channel centre frequency
for both short-term periods and over the

operational life.
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A.5.4.1.9.2 Recei ver __channel protected bandwi dth

The following Table, based on the COR

frequency/ bandwi dth allocation for passive

radi ometry, specifies the protected RF-bandwidth to
be used for each channel. Al channels are
specified in Section AS 4.1 9.1 at the centre
frequency of the allocated bandwi dth.

l Channel !Chlnnol Bandwi dt h (MH=z)
1

200

100

200

400
1000
6000

o lo (o Jw [v |-

A.5.4.1.9.3 Input amplifier nmax Dower

The front end anplifiers of the MIMR receiver
chains shall withstand without subsequent
degradations a maxinum input power |evel of 10dBm
(TBC) .

A 5.4.1.10 Antenna requirements

A.5.4.1.10.1 Ant enna___Beamni dt h

The half power antenna beam width in its |arger
dimension shall conply with the follow ng Table.
The beam width accuracy for design and
characterisation shall be better than +/-1%.

Channel lhntnnnl Beamwidth (deg) |

#—
.16

.38

.80

.73

.42

N v | W NV
o (O O o ¥ N

.174

A.5.4.1.10.2 Beam Efficiency

The antenna beam efficiency shall be better than
95% over the main beam region (2.5 x 3 dB

beamni dth) and 97% or better over the nmain beam and
its near sidelobe region (7.5 x 3 dB beamwidth) for



Doc.No. : MO-RS-ESA-SY-0023
Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-98

all channels and all beam positions.
A-5.4.1.10.3 Spill-Over
The power corresponding to the feedhorn pattern not

subtended by the main reflector shall not exceed
2.5% (TBC) of the total power received by the

f eedhorn.
A.5.4.1.10.4 Polarization
A.5.4.1.10.4.1 Type

There shall be one pair of linear, orthogonal
pol ariaations (vertical and horizontal) for
each channel.

A.5.4.1.10.4.2 purity

The polarization purity is defined as the
ratio, expressed in decibels, between the
copolar energy and the crosspolar energy in a
solid angle corresponding to 7,5 times the
hal f power beam width. The polarization
purity shall be better than 21 dB (TBC) when
all contributions due to reflector, feed, OVI
and instrument pointing are included.

A.5.4.1.10.4.3 Oientation

The vertical polarization shall remain in the
plane of incidence for all scanning
posi tions.

A.5.4.1.10.4.4 Polarimetric Capabilities (TBC)

A polarisation channel (for potential
measurenent of w nds vectors over ocean)
shall be provided as an alternative to the
hi gh-resolution capabilities of channel 5§
(36.5 GHz)}. The centre frequency and

bandwi dth capabilities shall be as the
nominal channel 5 values, the beamwi dth and
sanpling shall be as channel 3, and the

pol arisation shall be H V and +45 deg and -
45  deg.

A.5.4.1.10.5 Pointing

The antenna pointing direction shall be conpliant
with Section A.5.4.1.8.6. The error introduced into
the overall beam pointing budget by the MIMR
instrument itself shall not exceed 300 arc-sec.
including bias and instabilities.

A S 4.1.11 Calibration
A 5.4.1.11.1 In-flight calibrati

External calibration shall be based on a
calibration reflector looking at the cold space and
a hot calibration target both viewing the feed
horns used in nomnal nmeasurenent node.
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The *hot" calibration target shall be at nomnally
300 K and thermally controlled/stabilised as
necessary.

A.5.4.1.11.2 Calibration accuracy and stability

Radi ometric calibration perfornance shall be
adequate to neet the overall perfornance
requirenents given in Section A.5.4.1.8.2.

A.5.4.1.11.3 Calibration antenna nointin
The cold-calibration antenna beamwidth and
pointing direction, shall be defined in order to
meet the MIMR system parameter requirenents
(radiometric accuracy and stability).

The accuracy and know edge of this antenna pointing
shall be better than 0.5 deg.

A 5.4.1.12 Interface regquirements

A5.4.1.12.1 Reference frane
The instrument/subsystem equi pnent reference frame
shall be aligned to the satellite reference frame
and shall have the sane positive direction.

A.5.4.1.12.2 Electrical interfaces

M MR shall conply with Section A 4.9.

The power consunption of MM shall be |ess than
170 Win operating node, with a target figure of
150W.

The data rate of MM in nominal operating
conditions shall be less than 100 kbit/s.

A.5.4.1.12.3 Mechani cal requirements
MIMR shall conmply with Section A 4.10.
The mass of MM shall be less than 160 Kkg.

The residual nonentum shall be less than 0.5 Ns
per each axis.

The static inbalance in noninal operating
conditions shall be less than 3.54 kg.mm

The dynanic inbalance in noninal operating
conditions shall be less than 5474 kg.mm2.

The static and dynanic inbalances during satellite
manoeuvre shall be less than three times the val ues
allowed in nomnal operating conditions.

The static and dynanic inbalances, during ranp-up
and ranp-down of the scanning nechanism shall be
less than two times the values allowed in nomnal
operating conditions

The residual torques (constant torque, sinusoidal
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torque, white noise torque) in nomnal operating
conditions at instrument to platform interfaces
shall be conpatible with the Satellite ACCS design
(the requirements of the MIMR instrunent interface
specification for a generic spacecraft, AD36, can
be used as prelimnary values).

During deploynent the inpulse torque shall be
conpatible with the Mssion requirenents.

Thernmal Desicm Requirements
M MR shall conply with Section A 4.11.
ASCAT

This section defines the requirenents to be fulfilled by the
Advanced Scatterometer instrunment, ASCAT. Prior to the
establ i shment of the ASCAT Instrument Design and Perfornance
Specification (DRL As-2) then AD31 shall be used as a guideline
for the detailed instrunent requirenents.

ASCAT will allow neasurement of sea surface wind speed in the
range of 4 to 24 ms with an accuracy of 2 nmis or 101,

whi chever is greater. In addition, it wll provide informtion
of wind direction over 360 degrees with an accuracy of +/-20
degr ees.

The science data gathered by the instrunent are required for
establishing input paraneters for nunerical weather forecast
nmodel s, clinmate nodels and sea state forecasting. ASCAT will be
used to determne wind vector fields at the sea surface |evel
by neasurenent of the radar backscattering cross section sigma-
0. The strength of the backscattered signals depends upon the
anplitude and orientation ofthe surface capillary and snall
gravity waves, which in turn are related to the wind velocity.

The nominal ASCAT node is designed to provide data products
with a sokm resolution. An enhanced resolution nmode (TBC), for
usE over land and coastal zones, wll provide a resolution of
25km

ASCAT is an FM/CW radar system It operates in CBand at 5.255
GHz using a long pulse with linear frequency nodul ation. ASCAT
will neasure the radar reflectivity of the sea surface over two
550 km wide swaths (position defined by an incidence angle of
25 deg) one on either side of the METOP-1 ground track. The
doubling of the swath, relative to ERS-1, wll inprove spatial
and tenporal sanpling. In each swath, a regular 25 km grid of
points (nodes) is defined where the sigma-0 values are
determned. The wind data extraction nodel which relates the
backscatter coefficient sigm-0 to the wind speed and direction
at each node relies on three independent neasurements to ensure
an unanbi guous derived w nd vector. The neasurements are
acconpl i shed by consecutive operations of its fore, nid and aft
antennas, covering three directions of view at 45 deg, 90 deg,
and 135 deg relative to ground track respectively.

To convert the instrument nmeasurenent data to calibrated signa-
0 values, on ground corrections have to be perfornmed. The
ground processing takes into account both on-ground and the in-
orbit characterisation.

In-orbit characterisation consists of noise neasurements, plus



A 5421

A-5.4.2.2

A S.4.2.3

A5.4.2.4

A.5.4.2.5

Doc.No. : MO RS- ESA- SY- 0023
Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-101

internal and external calibration. The internal calibration
conpensates changes of instrument electronics. The external
calibration includes the use of ground transponders to measure
periodically the instrument gain. Instrument instabilities are
corrected by use of an on-board calibration system

Obit and Attitude

Orbit and attitude requirements are defined in Section
A.4.3. ASCAT shall be required to fully neet its
performance requirenents only in the reference orbit
defined there.

Reference Operation Profile

The instrument shall be operated continuously over each
full orbit.

Time Management

Datation and synchronisation of instrument data shall be
in accordance with Section A 4.6.

CGeneral Qperability

In accordance with Section A 4.4.

Functional Requirements

At instrument level the functions to be ensured include:

. detection and data acquisition of signals from the
earth, and relevant calibration neasurements. In
particular, the instrunent shall have an internal
calibration facility which provides a continuous
reference for instrunment gain variation nonitoring
and related continuous corrections during data
processing. This facility shall cover as far as
possible of the whole instrunment and signal path.
The instrunent shall provide a facility to measure
the noise power content of the neasurenent data to
allow a related correction for the noise power in
the data processing.

. data flow packetisation and transmssion to the
Payl oad Data Handling sub-system of the spacecraft
including datation;

interfacing to the CCS of the spacecraft for the
acquisition, scheduling, expansion and verification
of the instrument telecommands as well as for the
acquisition, nmonitoring, autonomous control and
reporting of the instrunent health and
configuration status, as specified in Section

A 4. 4;

power conversion an distribution for the ASCAT own
equi pent ;

thermal control;

mechani cal structure, nechanisms to satisfy the
mssion and the operational requirements.
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Operational Requirements

The instrument shal | be conpatible with any satellite
mode, all nission phases and shall function during
routine node changes ofother instrunents.

The instrument shall not obstruct the field of view of
other instrunents when in stowed configuration or during
depl oyment or when operating.

Besides the nomnal nodes of operation, the follow ng
specific instrument support nodes shall be considered and
defined as necessary:

l'aunch nmode with no or very limted power
consunpti on;

safe/survival nodes ensuring the safeguard of the
instrunent when the satellite is not operating
nom nal | y;

non-operation (stand-by) node ninimzing the power
consunption when the instrunent is not operating in
its normal or calibration nodes;

back-up node ensuring the safe instrument survival
in case of severe instrument failures, e.g. failure
in the instrument control unit;

. test nmode ensuring the possibility to make the
acquisition of processed data and oftheir raw data
having bypassed the digital signal processor. This
acquisition shall be possible for each selected
antenna port;

raw data node for debugging during on-ground tests
and in-orbit diagnostics.

Calibration modes shall be considered for the execution
of the in-flight instrument calibration required to
achieve the instrunent perfornance.

For calibration with ground termnal transponder, in wnd
calibration node, the receive channel shall insert a +540
kHz off-set.

Design Requirements

The instrunment shall be designed in accordance wth
Section A-4.6 Section A.4.9, Section A 4 10 and Section
A 4.11.

Auxiliary data necessary to interpret or use the
observational data shal be contained in the science data
stream.

ASCAT Performance Requirements

The performance requirenents, shown in Table A.5.4.2.8-1
are valid over the entire reference orbit for all nodes
of operation, for the specified tenperature range, and
over the lifetime. Forterns anddefinition used in Table
A.5.4.2.8-1, see Annex H of the SOW
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Parameter Requirements Remark
Spati al < 50 km along and across
Resol ution track
Spectral c 1/50 km' along and across
Resol ution track
Sampl i ng < 25 km along and across
track
Radi ometric for all three
Resol ution, Kp beans near and far
swat h
Crosswind (4 <theta-i/8 theta-i =
ms.) inci dence angle
md < 3%
Upwi nd (24 nis) side < 3% across full swath
Dynam ¢ Range see Table 24 nis upw nd
A.5.4.2.8-3 val ues increased
by 3 daB
I nt erbeam c 0.46 @B (TBC) per beam
Radi ometric
Stability
Radi ometric = 0.57 dB (TBC)
Accur acy
Ali asing < 0.1%
Anbi gui ti es C 1%
Centre 5.2555 GHz +/- TBD
Frequency
Swath Length Cont i nuous
Swath Wdth 2 + 500 km full performance
2 « 550 km reduced
Localisation per f or mance
Accur acy
< 10 km along and across
track
I ncidence angle | 25 deg edge of swath
for near cell
m d- beam
Pol ari sati on AY
Cross- ) z 15 dB one-way
Pol ari sati on pr opagati on
Power Denand < 280 w (TBC) operation
Mass < 220 kg (TBC)
Data Rate < 60 kbps TBC
Reliability > 80 % (TBQ) 5 years

Table A.5.4.2.8-1: ASCAT Performance Requirenent
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Mdified performance requirenments for the enhanced
resolution node for use over land, ice and in coastal
regions, are provided in Table A.5.4.2.8-2. The validity
of these is TBC

Parameter Regquirement Remarks

Spatial Resolution < 25 km along and across
track

Spectral Resolution | < 1/25 km! along and across
track

Sampling < 12.5 km along and across
track

Radiometric

Resolution, Kp

Crosswind (4 m's) TBD To be optimnsed
with respect to the

Upwind (24 m/s) Low-resal ution
design

Aliasing TBD

Abiguities TBD

w

Table A.5.2.8-2: ASCAT Hi gh Resolution Perfornmance Requirenent

For performance assessment, on-ground calibration and
characterisation shall be taken into account. The
backscattering coefficients are given in Table A.5.4.2.8-

2.
e o
I ncidence Angle sigma-o (dB) sigma-o (dB)
Si gma- 0 (deg) Upwi nd 24 m/s Crosswind 4 nis
25 +1.3 -9.6
30 -1.2 -12.7
35 -3.5 -16. 3
40 -5.5 -19. 4
45 -7.2 -22.1
50 -8.7 -24.4 i
55 -10.0 -26.2
60 -11.0 -27.6 i
65 -11.8 -28.6

Table A.5.2.8-3: Backscattering Coefficient
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Parameter Value

At nospheric Attenuation (1-way) 0.01 daB/km signal path

At nospheric Hei ght 12.5 km
Rein attentuation (I-way) 0.094 dB/km signal path
Rai n Depth 1 km

Table A-5.2.0-4: Atnospheric Paraneters
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A.6  AIT/AIV REQUIREMENTS

The AIV/AIT programme shall ensure that the design and performance .
requirenents ofthe METOP satellite are net before launch. 1n the following
definitions of the AIV/AIT programme the Contractor may propose, wth

justification and for agreement with the Agency, nodifications to the
requirenents.

A 6.1 VERIFICATION REQUIREMENTS

The verification requirements shall be specified in a satellite
verification plan.

The verification plan shall record in matrix form conpliance with the

design and performance requirenents as defined in the METOP SOW and
| ower tier docunents.

The nethod ofverification shall be identified i.e. test, analysis or
assessnent as well as the level of integration when verification is
perforned i.e. equipnent, instrument or sub-system payload or
platform and satellite level.

For requirements that can only be directly verified in orbit,
indirect verification methods shall be utilised based on ground test
with conplementary analysis for in-orbit conditions.

The following definitions shall be used for test, analysis and
assessnent :

Test: This nmethod enconpasses functional performance tests,
environmental tests, neasurenents etc. to he perforned
following agreed and approved test procedures. Qperational
and/or environmental conditions shall be sinulated to the
extent possible.

Analysis: This nethod evaluates available engineering data, or
uses nmathematical and/or sinulation tools to verify the
respective requirenents.

Asseasment: This nethod includes review of design, inspection
of hardware and proof for simlarity of design.

Verification is for:

Design qualification, i.e. denobnstration that the design of the
METOP satellite of its GSE and other itenms specified as part of
the programme conply with adequate margin with the
requirenents;

Acceptance of products generated in the programe, by
demonstrating that hardware and software are free from

wor kmanship errors and material faults, that they conform wth
the design baseline, and that they perform and function as
required in the specified flight environment;

Delivery ofcorrect docunentation.
A.6.2 MODEL _PHI L OSOHPY

The METOP satellite devel opnent shall distinguish between a
satellite, platform and payload specific approach.

The METOP devel opnent concept shall utilise the followi ng nodel
definitions:
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Structural (Thernal) Model (STM)

Engi neering Mdel (EM

Proto-Flight Model/Flight Mdel (PMFM

METOP Structural Thernal Models

The structural nodel shall be used for nechanical qualification
and shall as a mninmm allow for the follow ng:

verification of structure mathematical nodel
qualification of payload/ platform mechanical design
qualification of platforn payload nechanical interfaces
alignment verification

harness nechani cal qualification.

The structural nodel shall &be subnmitted to:

. static load and stiffness test
. nodal survey test
. sinusoi dal and random vibration test

acoustic noise test
any additional test required by the launch authority

The mechanical qualification of the satellite shall foresee
vibration and acoustic testing of the coupled payload S{(T)M and
platform s(TIM at satellite level.

Modul ar verification at payload and platform |evel shall not be
considered unless there are justified linitations of
environmental test facilities.

The scope of the platform s{(T)M and the qualification required
shal | be dependant on heritage.

Interface checks to the launch vehicle adapter as well as
prelimnary deployment, separation tests shall be envisaged
either during the s{T)M or EM canpaigns.

Thermal qualification at structural nmnodel level will be subject
to the overall nodel philosophy and the platform heritage from
SPOT/PPF. Adaptions from recurrent designs may be subject to
dedicated thernmal qualification tests.

The s(T)M shall be fitted wth equipnents/instruments dunmmies
that are representative of flight units with respect to

mechani cal aspects and thermal aspects (TBD) and harness.
Oritical areas may require a higher level of definition, e.g.
propul sion subsystem antennae, nechanisns, specific instrunent
ar eas.

METOP Engineering Models

The engineering nodel shall be used for electrical design
verification and specific pre-qualification activities.
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At satellite |level (pre)-qualification shall be performed in
the follow ng areas:

EMC test
) RFC test

Electrical, operational and procedural interfaces (including
hardwar e/ sof tware conpatibility) between payload and platform
shall be verified.

The necessity of a dedicated EM nodel for the service nodul e
(svM) shall be considered in the light of SPOI/PPF heritage.

In that case a satellite level test, consisting ofa PLM EM and
SV PFM (proto-flight nodel) configuration, is considered an
acceptabl e approach. Early availability of the swW PFMis a
pre-requisite.

The PLM EM shall be used as a mninum for the verification of:

. integration sequence

. functional performance

) EMC t est

. thermal vacuunmithermal balance test with linmted

performance verification under qualification |evel
tenperature extrenes.

Solar sinulation shall be the baseline for the payload module
(PLM) thernmal balance test.

Equi prent /I nstrument nodel s shall be representative of flight
units for nechanical, electrical and thermal interfaces.

As a baseline dedicated engineering/qualification nodels (EQM)
shall be used. EEE parts used in EQM shall have as a mninmm
ML tenperature range.

The use of flight nodel wunits may be considered subject to
Agency approval .

METOP Proto-Flight Mbdel

The PFM satellite shall be subject to acceptance testing
including as a mnimm

sinusoidal vibration test

. acoustic noise test

. alignment verification
. EMC test

. full deploynent tests

Compatibility tests of the flight software with the PFM
satellite shall be performed as well as system validation with
the METOP ground segnent.
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Thernmal bal ance/thernmal vacuumtest on svM and PLM nodul es
separately shall be the preferred baseline.

An infrared sinulation test at satellite |evel shall not be
considered for METOP-1 (conplexity, shadowing, view factors).

Solar simulation shall be the baseline for the payload nodul e
(PLM) thernal bal ance test.

The payl oad nodul e PFM acceptance shall include:
integration
functional perfornmance verification
EMC tests

. thermal bal ance test

thermal vacuum test forlinited performance verification
under acceptance |evel -tenperature extremes.

The platform nodule PFM acceptance shall include:
i ntegration
functional performance verification
EMC tests

° thermal bal ance test

thermal vacuum test for limted performance verification
under acceptance |evel tenperature extrenes

Based on denonstration of PPF/ SPOT heritage thernal bal ance
testing may be deleted for the platform nodul e.

I nstrument/ Equi prent nodels shall be flight standard based on
H - Rel EEE parts.

In principle flight spare units shall be available at the start
of the METCP FM payl oad/platform and satellite AIV programre.

METOP Recurrent Flisht Mdels

Recurrent flight nodels shall follow the PFM approach and
provided that simlarity is maintained, the following
deviations are permtted:

del etion ofthermal bal ance test

. workmanship vibration test linited to the launcher thrust
axis
. de-scoping of EMC testing

Bquipment/Instrument Models

For equipnent/instrument nodels in principle the follow ng
basel ine shall be naintained:

. 1 set smnodel s
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. 1 set EM/QM nodel s
set FM/PFM nodel s
flight spare for unit type
A 6.3 STRUMENT REQUIREMENT

The AIT plan shall ensure that main elements of the instrument test
procedures can be reused during the higher I|evel payload and
satellite tests.
I ncom ng inspection shall cover:

verification of instrument ICD nechanical requirements as well
as visual inspection for physical damage.

electrical incoming inspection with instrument dedicated check-

out equipment. Functional and electrical performance. will be

verified to the extent that is feasible in anbient conditions.
Instrument tests at payload and satellite level shall include an
initial and final functional and electrical performance test at the
beginning and conpletion of each environmental test.
Intermediate tests during payload thermal vacuum exposure shall
verify correct performance of selected electrical and nechanical
functions at tenperature plateaus.

A full instrument end-to-end verification during payload thernal
vacuum testing shall be subject of a feasibility study.

Instrument end-to-end verification at payload or satellite |evel
shall be considered under anbient conditions.

Instrument electrical integration at payload level will require the
following electrical integration tests:

communi cation check
. short electrical performance test
full electrical performance test.
A-6.3.1 Communication Check
The main purpose of this test is to prove that the instrunent
can be commanded via the satellite (CCS) bus and that proper
telemetry response is given. No stinmuli are required.

Power is provided via the payload power bus or via instrunent
EGSE.

A 6.3.1 Short Rlectrical Performance Test

The purpose of this test is to denonstrate that the instrunent
science data link functions.

The test shall be a subset of the full performance test and
avoid manual or tine consuning operations.

In principle the data link shall be verifiable wthout the need
of external stimuli. Science data my be ?enerat ed by
instrunent internal calibration nmodes if functional.
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Instrument ecse shall be capable of receiving instrunent
science data via dedicated payload EGSE

A.6.3.3 Full Blncttrical Performance Test

The purpose of this test is to denonstrate the full electrical
performance of the instrument in conpliance with known stinuli.

Instrument EGSE will be required to provide stimuli to the
instrument and to verify the received science data from
dedi cated payl oad EGSE.

Stimuli will be selected to provide adequate confirmation of
correct instrument electrical performance.

The level of functional performance verification wll depend on

conplexity of stimuli, operation of detectors, purging
requirements etc.

The full electrical performance test is not intended to cover
characterisationorcalibration of the instrument.

A.6.4 OVERALL AXIT REQUIREMENTS

Al defined operational nodes of hardware and software itens shall be
tested to the extent verifiable on-ground, including redundancies,
cross-strapping and back-up, emergency nodes.

Instruments shall be designed to be functionally self contained with
mnimal interfaces (nmechanical, electrical, software, etc.) wth the
Payl oad Mdule so as to ensure they can be tested independently of
the PM and to pernit flexibility in the PM configuration.

At payload, platform and satellite levels an adequate selected set of
performance tests shall be conducted.

Repeatability and reproducibility of tests shall be maintained
t hroughout the AIT progranme.

Commonal ity between operational procedures used during the AIT
programme and those contained within the Flight Operations Mnual
shall be an objective.

Selected S-band data from satellite level shall be nade available in
annotated form to the Agency on conputer conpatible tapes {CCT) to
assist to verify ground segnent conpatibility.

The data required to operate the satellite shall be organised in a
common computerised data base structure for all levels of on-ground
test.

This data base shall be able to support in-orbit operation, with the
mnimum of transportability of AIT TM and TC data, and shall at |east
be nmade available in a defined format on CCT for ground segnent
conpatibility verification.

Interfaces to electrical check-out equipnent shall be accessible at
satellite, payload, platform and instrument |evel.

Mounting provisions shall be provided for test fixtures and non-
flight 1tems as required.
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A.6.5 EGSE

A.6.

.6.6

7

EGSE and its associated software shall provide facilities for data
reception and recording and for controlling and nonitoring
electrical, functional performance and environnental tests and
related qualification/acceptance activities on all nodels and all
level s of nission dependant assenbly, integration and testing.

EGSE shall be based on conmercially available conputer systens. The

operating system used shall have nulti-tasking capability and _

adequate support for real time Operation. If a distributed system is
i npl enented provisions for synchronisation to real time events shall

be made. Software shall be witten in a high Ievel Ian(];uage. For time
critical parts of the software, assenbler language shall be used.

Al ecse conputers at all levels shall be operated using a common
check-out language (MMI) . For critical operations, command input
shall be definable at two stage operations. For output of essential
information, a protected area (e.g. no overlaying w ndows) shall be
provi ded.

It shall be possible to re-use check-out sequences and automatic test
procedures (ATP), or parts thereof, witten for use on EGSE at a

[ ower level (equipment or instrunent) at a higher level (integrated
payl oad/ satellite).

Test sequences of instrument conmanding and instrunent data
evaluation in instrunent automatic test procedures shall be separated
to facilitate the re-usability of automatic test procedures.

Instrument EGSE shall conprise the followi ng functions capable of
operating throughout integration from instrunent level up to
satellite level:

a neans of commanding and nonitoring the instrunent;

a means of providing the necessary stinuli to denonstrate
satisfactory instrument perfornance;

a neans of extracting and analysing instrunment science data.

EGSE shall provide a neans of archiving and off-line post-test
processing of satellite and instrument data.

As a baseline two sets of EGSE’s shall be foreseen to support an EM
and FM progranmme in parallel and for redundancy purposes.

The design life of the EGSE shall be 10 years.
SIMULATORS

Payload and Platform sinulators, to verify the payload, platform and
satellite EGSE set-ups, shall be devel oped dependent on the AV
concept and final architecture of the on-board data-handling system

The design life of the simulators shall be 10 years.
MGSE

The MSSE shall conprise the non-standard mechanical equi pnent
required to support the sub-systens and the instrunents during
assembly, integration, alignment, check-out, functional testing,
environmental testing and transportation.

N
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to MGSE which are

transportation and handling purposes.
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A.7 BSOFIWARE REQUIREMENTS 4
A 7.1 DESI GN REQUIREMENTS

A.7.1.1

A.7.1.3.7

RON Storage Limitation

On-board storage of software in ROM nmenories shall be linmted
such that software corrections/updates can be nade when METOP
isin orbit. All program code shall run from RAM except for
Safe Mbde Code and the code needed for the |oading of software
from ROM to RAM

Independence of Safe Mode Software

Any software utilised in the Safe Mde defined in this docunent
shall be conpletely independent (aesign and verification? of
all nomnal safe node software, and shall be protected from

i nadvertent nodification.

Commonal ity
Sof t war e Languages

The METOP software shall be witten in a standard high-
| evel language and by using validated devel opment tools.

Re-Use of Software

Software devel opnent and qualification tools shall
support a possible re-use inthe METOP G ound Segnent.

Use of Commercial DBMS

G ound-based data bases shall be inplemented on the basis
of a commercially available and European-w de supported
Data Base Managenment System (DBM).

DBMS Reqguirements

DBVM5 packages shall include supporting procedures and
application8 to unlock, recover and correct the data base
in case of failures and errors in hardware, software,
data links, power supply, or by operators.

Common Relational Database

Wierever a relational database is required a comon
rel ati onal DBMS shall be used, wWith the same interface
| anguage (query |anguage).

Software Modulari ty

On-board software shall be nmodular in order to facilitate
coet-effective developnent, integration and test
activities, and in-orbit modifications.

Software Update8 In Obit

Any S/W updates in orbit, via the uplink from ground,
which are part of aormal operatione, such a8 data and
configuration table wupdates, MTL updates, payload
instrument software updates, etc. shall be possible via
macr o- cormande with METOP continuing to operate
nominally. During any other S/ W updates, e.g. for
correction of errors, METOP shall continue operating
nominally, or at |east remainin a Payl oad OFF Mode or
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the Safe Mde providing all support features for payl oad
instrument survival as specified in this docunent.

1.3.0 Repl acenent of Modules In Obit
Software updates in orbit shall be possible as follows
repl acenent of single nodules;
sequential replacenent of single nodules.
.1.3.9 Software Tool S and Procedures
METOP software shall be accompanied by a support software
set of tools/procedures for generation, update,
verification and replacement 1n the METOP software
system for use by the ground system operating METOP in
flight. METOP software shall have configuration
identification according to Annex B of the SOWN AD3.
1.3.10 St andar ds
All Platform software shall conply with the METOP
Sof tware Engineering Requirenents, SY-16. In the
meantime, asaguideline, AD35 shall be used.
.1.3.11 Software Classification
Al software shall be classified according to
ESA- PSS- 05- O (AD29) .
2 FUNCTI ONAL REQUIREMENTS

2.1 Software support of Ground Testing

The METOP software shall be designed to support METOP testing
on ground, without nodification of this software except for
data tables as required for ground testing.

2.2 Reconfiquration bv_ Software

METOP software shall reconfigure as necessary for all Platform
and payload reconfiguration in orbit, based on requests from
MTL, or directly from ground, wth nininum interference to the
operation of the active payload instrunents.

.2.3 Downlinking of Software Configquration

METOP shall permit downlinking of the current software
configuration, on ground request.

2.4 Changing of Software from G ound

The METOP design shall not preclude that the software in any
on-board location including core nenories, excluding PROAS, can
be changed from ground, at a sub-nodule level, and in

i ndi vidual memory | ocations, as a back-up.

3 MSSION PREPARATI ON AND SUPPORT SOFTWARE

.3.1 Flight Operations o Support Software

The Flight Operations and support software shall include:
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a). a METOP Satellite Reference Dat abase (SRDB) contai ni ng

all the required Flight Configuration Data. This SRDB
shall be used as the single reference source of data to
i ssue commands and process telemetry and for both on-
board and EGSE software options.

b) Support software together with associated nodels and
algorithms for on-board resources managenent.

A.7.3.2 Use RD:

The flight configuration SRDB shall be set up as relational
dat abase.

.3 Inclusion of Pavioad Data

The database shall be designed to allow for inclusion of
payl oad data to accommodate the full mssion configuration.

SCFTWARE DEVELOPMENT ENVIRONMENT
1 Use of SDB

A standard Software Devel opment Environnment (SDE) shall be used
for the devel opnent and mai ntenance of all METOP software.

.2 SDB capabilities

The SDE shall provide the capability to generate, configure and
maintain all executable on-board and EGSE software and data
tables required for the operation of flight configurations and
ground support equipnent.

.3 SDE Support Software

Support software shall be provided for testing of the generated
executabl e software and data tables.

.4 SDB Environments

The software shall execute in a comrercially available and
supported environment consistent with the flight schedule of
METOP.

SOFTWARE SAFETY

Hardware failure tolerance shall not be jeopardised by the software
design. Software faults or failures shall not result in hazardous

hardware operation. Hardware failures shall not result in software
executing hazardous operations.

For safety critical software, any interface to non-safety critical
software requires specific verification and validation, as well as
plausibility checks during operations. Any software used for this
verification and validation process, as well as for the plausibility
checks, has to be classified critical as well. Relevant test software
shall be classified at the same level. Safety critical software shall
be protected from inadvertent operation and modification.

O ass A software shall be subjected to independent software
verification and validation.
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A.7.6 SOFTWARE RELIABILITY

Reliability of the METOP software must be such that the specified
reliability requirements of the relevant systens, subsystens and

instrunents are achieved.
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SURANCE UIREMENTS

A.8.1 PRODUCT ASSURANCE PROGRAMME REQUIREMENTS

The METOP-1 programme basic PA requirenents are defined in Annex B of
the sow, Product Assurance Requirenments. In addition to PA related
requirements expressed elsewhere in this present specification, the
following additional requirenents apply.

A.B.2 RELIABILITY REOUIREMENTS

A.8.2.1 Failure Tolerance Requirements

A.8.2.1.1 8ingle Failure

No single failure shall lead to catastrophic or serious
consequence. Refer Product Assurance Requirements Annex B
for definition of severity consequence categori es.

A.8.2.1.2 Operator Error8
No single operator error shall lead to catastrophic or
Serious consequence.
A.B8.2.1.3 Combination of Rrror with Failure
No combination of a single failure and a human
operational error shall lead to catastrophic consequence.
A.8.2.2 Failure Propagation

one failure in one item function shall not cause failure or
degradation of another function of the sane item or of an
interfacing item

A.8.3 SAFETY REQUIREMENTS

The technical safety requirements of the CSG safety regulation, AD27,
together with the following requirements are applicable. PSS -01-402
should be used as a source of additional technical safety
requirements as appropriate.

A.8.3.1 Bmergency, Caution, Warnimg and Saflng

Caution, warning and Safing devices are required in the ground
processing configurations of the S/C and related GSE, for
hazards w th consequences catastrophic or serious.

A.0.3.2 Propellants
A.8.3.2.1 Fl ow Control Devices

Opening of any flow control device shall not lead to
adi abatic detonation or wuncontrolled release of fluids.

A.0.3.2.2 Fl ow Shut-of f Devi ces

Fl ow shut-off devices shall be incorporated at the outlet
of each propellant tank pair.

A.8.3.3 Pyrotechnic Devices and Functions

The requirenent of ML-STD 1576, AD28 are applicable to all
pyrotechnic devices and functions wth hazardous failure nodes.



A.0.3.4
A-0.3.4.1

A 8.3.4.2

A.8.3.5

Doc.No.: MO RS- ESA- SY- 0023
Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-11

The followi ng changes to this standard apply:

paragraph 6.10.c and the RF inpedance and RF sensitivity
tests in Table Il are not applicable;

the reference test nethods are 2204, 2207, 2208, 2208.1
and 4303;

for applications using the NASA Standard Initiator (NSI),
Tables I, I, 1ll, IITA 1V, IVA and V are not
applicable, and the reference test methods are 1102,

1103, 1111, 1404, 2203, 2205, 3113, 3114, 3401, 3403,
3407, 4308 and 4309.

Batteries
Batteries Pressure Vessel Requirements

Al specified pressure vessel requirements are applicable
to any cell/battery whose failure may result in serious
or catastrophic hazard consequences.

Batteries - Released ‘Product.

Battery design shall Frotect the surrounding environnent
from the release of electrolyte or other battery vent
products.

Ground Suppeort Equipment

G ound Support Equipnent (GSE) shall be designed such that its
operation does not result in the creation of hazardous
conditions which may have serious or catastrophic consequences.
The appropriate failure tolerance requirenents are applicable
to the GSE design in all its operating configurations.

A 8.4 MAINTAINABILITY REOUIREMENTS

A.8.4.1

A 8.4.2

A.8.4.3

I nstrunents _Mai nt enance

It shall be possible to repair, remove or replace each ofthe
instruments, should they require maintenance, repair or

nmodi fication, wth ninimm disturbance to and interference with
the platform or the other instrunents.

Accessibility before Launch

Itens requiring integration, for safety, logistic or life
reasons, close to launch, e.g. pyrotechnics and items which nay
require adjustnent, servicing or nmaintenance before |aunch

shal | be accessible without renoving any equipnent or

i nstrument.

Fuses and Pyros
Where fuses or pyros are used they shall be accessible from the

outside of the unit wthout nmjor intervention being required
for their replacenent.

A. 8. 5 COMPONENT SELECTION, PROCUREMENT AND CONTRO. REBQUIREMENTS

A.8.5.1

De-rating

Electrical and electronic conponents shall be derated in
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accordance with Annex B ofthe SON ADS.

Bybrid Circuits

Hybrid circuits shall neet the requirements of Annex B of the
sow, AD3.

Mounting and installation of EEE Parts

The requirements of Annex B of the SON AD3, apply for
installation and nounting.

Radi ation

Wth respect to radiation effects, selected conponents will
have a denonstrated susceptibility of 3 times the expected
doses for lots subjected to radiation verification testing
(RVT) or 5 tines the expected dose for types not subject to |ot
testing but evaluation by radiation evaluation test (RET).

Paranetric variations ofthe devices under the expected dosage
shall be taken into account in the design/application.

Wth respect to cosmic radiation, devices which are known or
proven to be susceptible to latch-up shall not be used.

Single event upset rates shall be specified such that overall
satellite resulting non-availability neets the requirenents of
Section A. 3.5 and the science data specified bit error rates
are not degraded.

SEUs shall not cause permanent failure or degradation either
directly or as a consequence.

Connectors (Electrical)

For interfacing with GSE during ground testing, all flight
connectors shall be provided wth connector savers.

The requirements in Annex B of the SON AD3, apply for the
sol dering or crinping of connector contacts.

Tethered netal connector caps shall be provided for all unused
connectors on flight hardware which remain unconnected during
the mssion.

Quality Levels fOr EER Components

EEE conponents used in the following itens shall neet testin
level B (level C for passive conmponents with the exception o
crystals, filters, cermet-fuses, relays and switches which

shall be level B) of the appropriate ESA/SCC specifications:

all Contractor procured flight hardware, including flight
spar es;

. all qualification hardware amrequired to achieve the
verification objectives, where this hardware is destined
for use as flight spares;

for other qualification hardware (e.g. EM for certain
qualification aspects) full tenperature range ML parts
of appropriate standard shall be used.
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A. 8. 6 MATERIALS, MECHANICAL PARTS AND PROCESSES REOQUIREMENTS

A 8.6.1

A 8.6.2

A 8.6.3

A 8.6.4
A-8.6.4.1

A 8.6.4.2

A-8.6.5

Materials Selection Criteria

Materials used in the design shall be selected by considering
the operational requirenents for the particular application,
and the properties of the candidate materials. The

consi deration of operational requirenents shall include, but
not be limted to, load distribution and magnitude, operational
tenperature, exposure environment, contamination and life
expectancy. Attention shall be on mechanical strength
properties, fatigue, thermal stability (creep and stress
rupture), fracture toughness, crack growh rate, stress
corrosi on behaviour, outgassing, corrosion, material
conpatibility and cleanliness requirenments. The use of
magnetic materials shall be ninini-ed as far as possible.

Vacuum Stability and outgassing

Materials used in the design and construction of hardware which
will be exposed to the space vacuum environnent shall have |ow
outgassing properties. ESA test specification PSS-01-702 test
method A is applicable, as identified in Annex B of the SON
AD3.

Materials used in the design and construction of hardware which
will be exposed to the space vacuum environnent shall be
resistant to degradation in that environnent. Refer to Annex B
of the SON AD3, for the procedure to evaluate materials for
degradati on. For each material to be tested, the detailed test
procedure and accept/reject criteria shall be specified.

Utraviolet Stabilitv and Radiation

Materials which are sensitive to uv light and/or radiation to
which they will be exposed in a space environnment, must not be
used or they nust be protected in order to mnimse or
elimnate radiation stresses. Refer to Annex B of the SOW
AD3, for the procedure to evaluate Wstability and radiation
resi stance as appropriate.

Stress Corrosion
Stress Corrosion - Selection of Materials

Refer to PSS-01-736 (identified in Annex B of the SOW
AD3) Table | to select netallic materials for structural
applications; materials frmTables Il and 111 shall not
be used in structural applications. Refer to PSs-01-
737 (identified in Annex B of the SON AD3) for the test
procedure if the stress corrosion properties of a
material are not known.

Str666 Corrosion -Flid Compati bility
The fluid conpatibility and resistance of the proposed

materials to stress corrosion under all expected exposure
conditions shall be denonstrated by test data.

Atomic Oxygen FEffect6

Materials exposed to space shall withstand attack by the
residual atonmic oxygen environment defined in Section A 4.8.11
or shall be protected accordingly.
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Corroaion Prevention

Dissimilar Metals

Materials nust be conpatible orsuitably protected. Refer
to Annex B of the SOWN AD3, for conpatibility
specification. Material conbinations must be selected in
a manner to assure conpatibility and/or nininize the
potential for galvanic corrosion. Wen material

combi nations which are not conpatible according to the
table on page 35 of PSS-01-701 nust be incorporated into
the design, refer to MSFC-SPEC-250, RD20, for guidance on
interface protection. Material conmbinations with a
difference in EM- of greater than 0.5 V, in a clean
atmosphere and with no satisfactory protective finish,
shall not be used.

Use of Corrosion Resistant Materials

Resistance to corrosion, ifrisked through the use or
storage environnent of the concerned item nust be
achieved by selection of corrosion resistant materials or
application of suitable surface finishes. Refer to MSFC-
SPEC- 250, RD20, for guidance on surface finishes for
corrosion protection. The preferred finish for alumnium
titanium and their alloys is anodizing. Paasivation is
preferred for stainless steels and inconel.

GSE Corrosive Resistance

Specific requirements shall be derived for GSE in line
wth expected environnent.

Radi oactive Materials

The use of radioactive naterials shall be avoided if possible.
For appiication involving the use of radioactive naterial, a
wai ver request shall be subnitted.

Moisture Resistance

Materials shall be moisture resistant, or shall be suitably
protected to prevent deterioration due to noisture influence.
Refer to MSFC SPEC-250, RD20, for guidance on surface
treatment.

This applies as appropriate for the specified ground storage
and ground processing periods of the satellite and its GsE

Life

Materials, after having been formed, shaped, treated according
to design requirenents, shall exhibit life and degradation
characteristics conpatible with the specified life tim
requirenents.

Restricted and Prohibitad Materials

Use of Beryllium
Agy application ofBeryllium Oxide shall be identified to
ESA.
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6.10.2 Prohibited Materials
Use of the following materials is prohibited:

plating of zincand cadm um exposed to the
envi ronnent;

mercury (liquid or gaseous);
pol yvi nyl chl ori de.

6.11 Resistance t0 Mcrobial Gowh

Materials shall be resistant to nicrobial growh, or shall be
suitably protected to prevent nicrobial growh. This applies
as appropriate for the specified ground storage and ground
processing periods of METOP-1.

6.12 Mechanical Parts
6.12.1 Suitability of MechanicalParts
Mechani cal parts shall be selected according to their
technical suitability, their ability to withstand
expected stresses and their ability to neet the safety
requi rements, and shall be of such quality to satisfy the
criticality of their application.
6.12.2 Conmbi nati on of Mechanical Parts
Were conbinations of nechanical parts nust be used (such
as bolt/nut, bolt/washer/nut, bolt/washer/nut with
|ubrication etc.) only combinations which have proven (by
testing perfornmed) suitability of combination and
performance within the anticipated service environnent.
6.12.3 Processes
The processes used in the production of hardware shall in
no way degrade the technical, ci]ual ity, reliability and
performance characteristics. The identified ESA process
SEeC|f|cat|on shall be performed according to Annex B of
the SOW ADS.
7 CLEANLINESS AND CONTAM NATI ON CONTROL
7.1 Cont ani nati on
Contanination shall be linited, by enploying |ow contam nation
materials, and low contaninant nonopropellant propulsion, and
by shielding all payload instruments and its own sensitive
surfaces from any direct and reflected thruster plunme
i mpi ngement, both from its own thrusters and |aunch vehicle
thrusters. Materials generating deposits on sensitive optical
and radiator surfaces of payload instrunents shall be avoided
in the design.
.7.2 Mcrobial Contanination

The METOP-1 and its GSE shall be arranged such that transfer
and distribution of particulate contam nants and micro-
organisnms on ground is effectively limted.



A.8.7.3

A.0.7.4

A.8.7.5

Doc.No. : MO-RS-ESA-SY-0023
Iss./Rev.: 1

Dat e: 5 Septenber 1994
Page: A-124

Elimi nati on _of Contamination

Areas Wwhere chenical and microbiological contamnants can
settle and accunulate onground shall be elimnated by design.
If elimnation is not possible due to justified design
constraints, such areas shall be designea for easy access for
cl eani ng.

Visible Cleanliness

The METOP-1 and its GSE shall be visibly clean as per AD3, 300
ppm obscuration factor.

AIT Environments

Al Assenbly, Integration and Test activities involving flight
hardware shall be performed in an environnent with a mnimm
cleanliness level of 100,000 as defined in AD3. Were this
cleanliness level would inpair the operation of nechanism or
other equipnent, or reduce the accuracy, resolution or
performance of the instrunents, the Contractor shall establish
and provide the required mininum cleanliness |evel for the
processes or operations involved.
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CPTI ONS
CPTION 1: EMBARKATION OF ADRS TERM NAL

The PDHS will provide a global data dunp via DRS at Ka-Band. A
conplete data dunp every orbit, achieved with an uninterrupted
transm ssion, shall be feasible for a configuration with two DRS
satellites. This capability has to be considered for denmonstration on
occasional basis. This inplies that the design of the Ka-Band
subsystem will be such that the inpact on the satellite and on the
other subsystens is ninimsed.

The PDHS will be able to dunp data via DRS satellite(s) whenever the
relative position of the DRS and the METOP satellites allows
geonetric visibility. For thernal and operational reasons a maxi num
duration of 20 nmin of dunp tine per orb't shall be assuned in the
design. Switch over from one satellite to the other will take |ess
than 5 minutes, from the nonent when the satellite interrupts the
data transmission, until it resunes emission into the correct
direction of the new satellite.

It is not required to operate the link during X-Band data dunp.

A.9.1.1 Li nk Requirements

The pDHS subsystem shall insure Gobal Data dunp to ground
station via brswith the required quality over distances from
the satellite up to 45500 Km

carrier frequency: 26.6 GHz TBC

data rate: 50 Mit/s;

modul ation: BPSK or QPSK;
coding: RS or RS concatenated with Viterbi (7, 1/2);

EIRP: conpatible with link budget;

data quality: frame loss probability (Flp) better than
10%-6;

. modul ation inperfections: according to AD37;

dunping operations during lifetine: the subsystem shall
be designed to operate once per orbit;

A.9.2 CPTION 2: RE-EMBARKATION OF S&R, SEM

.3

In this option the CFl S&R and SEM will be enbarked on METOP.
The requirements of A.5.2 apply.
Al other requirenents of this specification are maintained.

OPTION 3: EMBARKATION OF A GPS RBCBI VBR

METOP shall be capable ofenbarking a G obal Positioni ng System (GPS)
receiver in support of satellite attitude nonitoring and orbit
determination, both sets of data being transmtted for use on ground.

Use of GPS data for satellite attitude control is not required in the
baseline system However, a design case shall be assessed such that

the ACCS can obtain its attitude mspointing estimates from the Gps.
Such an interface and operating node would only be invoked follow ng
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the failure of the conventional AOCS sensor hardware, as a back-up
mode.

Redundancy of the GPS is required (TBC).

1 GP8 Performances
The GPS option is intended to provide a significant inprovenment
to the real-time orbital position know edge of METOP.
1.1 O bit Position Accuracy
The GPS system shall provide a real-tinme geocentric
position, with a reference to WGS8B4 geodetic coordinates.
The real-time position error estimates shall be better
t han:
Al ong- Track: 25m
Across-Track: 25m
° Radi al :  25m
1.2 Attitude Knowledge Accuracy
The GPS system shall provide real-time attitude estimates
with uncertainties equal to or better than the know edge
requirenents specified in Section A.4.3.2.5.2.
Error conpilation shall follow the rules given in Annex
H.
CPTION 4: EXTENDED DATA DUMP CAPABILITY IN X- RAND

The likely introduction of new or inproved sensors in future METOP
satellites, which mght provide a greater information flow, requires
to consider an increased storage and a higher rate data dunp
capability.

A-9.4.1 Extended Data Storage

A-9.4.

The on board storage Sub-system shall be able to store two full
orbit of the Gobal Data Stream

It shall retain a sinultaneous and independent read and wite
capability. It shall be able to sustain an output data rate
that allows a conplete data dunp during the ground station

visibility.
2 Extended G obal Data Dump t0 Gound (X-Band)

The PDHS subsystem shall insure dobal Data dump to ground
stations with the required quality when the satellite elevation
with respect to the ground station is greater than 5 deg. Link
attenuation due to atnmospheric factors (i.e. rain, clouds,
scintillation, etc.) not exceeded for 99.92 of time shall be
taken into account.

. sl ant range: up to 3000 km
. carrier frequency: 7.8 GHz;

. pernmitted bandw dth: 7.750 - 7.900 GHz TBC;
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. data rate: 100 Mbit/sec (TBCO);

nmodul ation: QPSK or DEQPSK;

coding: TBD; conpatible with data quality requirenent and

bandwi dt h;

. El RP: such to generate an almost constant flux at ground
stations; to be optinised taking into account coding and
bit rate;

. Gound Station GT. 32 dB/KatS deg elevation;

. data quality: frameloss probability (Flp) better than
10°-6;

. on board technological loss: less than 1 dB.

A 9.5 OPTION 5: SATELLITE SI MLATOR

A satellite sinmulator shall be developed for testing and operator
training in support of in-orbit operations. The facility shall
operate with actual flight software.
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| NTRCDUCT| ON

Bl.1 PURPOSE

The purpose of this document is to provide the Product Assurance
requirement8 applicable to the METOP-1 project.

This document establishes the basic requirenents for an integrated Product
Assurance system for all Contractors participating to the METOP-1 project.

The requirenents of this document pertain to all PA disciplines i.e.
reliability, safety, parts/materials/processes, software PA, quality
assurance, configuration management.

81.2 APPLICABILITY

The requirements of this document shall apply to the phase B of the METOP-1
project. Some requirenments which are only applicable to next project phases
have been incorporated and identified as such, in order to get prepared for
these phases.

It is the responsibility of the prine Contractor to ensure the proper
i mpl ementation of these requirements on the sub-Contractors, or suppliers.
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INTRODUCTION
81.1 PURPCSE

The purpose of this document is to provide the Product Assurance
requirements applicable to the METOP-1 project.

This document establishes the basic requirenents for an integrated Product
Assurance system forall Contractors participating to the METOP-1 project.

The requirements of this document pertain to all PA disciplines i.e.
reliability, safety, parts/materials/processes, software PA, qual ity
assurance, configuration mnagenent.

Bl.2 APPLICABILITY

The requirements of this docunent shall apply to the phase B of the METOP-1
project. Somerequirements which are only applicable to next project phases
have been incorporated and identified as such, in order to get prepared for
t hese phases.

It is the responsibility of the prime Contractor to ensure the proper
i mpl ementation of these requirements on the sub-Contractors, or suppliers.
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APPLICABLE AND REFERENCE DOCUMENTS

82.1 APPLI CABLE DOCUMENTS

PSS-01-0 Issue 2 Draft 6. 1 (June 1990) .
Basi c requirements for product assurance of ESA spacecraft and associ ated
equi pnent .

pPSs-01-11 I ssue 1 (March 1989)
Configuration nanagement and control for ESA space systems

PSS- 01- 20 Issue 2 (February 1991)

Quality assurance requirements for ESA space systems

PSS-01- 21 | ssue 2 . (April 1991)

Sof tware product assurance requirenments for ESA space systen8

PSS- 01- 30 | ssue 2 (March 1992)
Reliability assurance requirements for ESA apace systems

PSS-01- 40 I ssue 2 ' (Septenber 1988) .
System safety requirenents for ESA space systems and associated equiprent
PSS-01- 60 I ssue 2 (Novenber 1988)
Conponents sel ection, procurement andcontrol for ESA space systens
PSS-01- 70 I ssue 4 (January 1994)

Materials and process selection and quality control for ESA space systens
and associated equi pnent

PSS- 01- 201 I ssue 1 (August 1983)
Contam nation and cleanliness control

PSS- 01- 202 I ssue 1 (June 1983)
Ere(sjervation, storage, handling and transportation of ESAspacecraft
ardwar e

PSS- 01- 203 I'ssue 1 (August 1983) .
Quality assurance of test houses for ESA spacecraft and associated equi pment
PSS-01- 204 I ssue 1 (Septenber  1984)

Particulate contamnation control in clean roons by particle fall-out
measur enent

PSS- 01- 301 | ssue 2 (April 1992)
Derating requirenents and application rules for electronic conponents

PSS-01-401 Issue 1 . {(March 1989)
EsAfracture control requirenents

PSS-01- 605 Issue 1 (May 1990)
Capability approval programme for hernetic thin-film hybrid micro-circuits

PSS-01- 606 | ssue 1 (July 1986)

The capability approval programme for hermetic thick-film hybrid
mcro-circuit8

PSS-01- 608 Issue 2 . . . C(April 1987)
CGeneric specification for hybrid mcro-circuit8

PSS-01- 700 Issue 2 (August  1993)
The technical reporting and approval procedure for naterial 8 and processes

*—
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PSS-01-702 I ssue 1 (March 1983)

A thermal vacuum test for the screening ofspace naterials

PSS-01- 704 Issue 1 . (August 1982)

A thermal cycling test for the screening of space materials and processes
PSS-01-705 | ssue 1 (Cctober 1982)

The detection of organic contanination of surfaces by infrared spectroscopy
PSS- 01- 706 I ssue 1 (March 1983)

The particle and ultraviolet (OV} radiation testing of space materials

PSS- 01- 707 I ssue 1 (February 1984)

The evaluation and approval of autonatic machine wave soldering for ESA
spacecraft hardware

PSS-01-708 I ssue 1 (March 1985)

The nanual soldering ofhigh reliability electrical connections

PSS- 01- 709 I'ssue 1 . . (July 1984) .
Measurenents of thenno-optical properties of thermo-control materials
PSS-01- 710 Issue 1 (Cct ober 1985)

The qualification and procurement of two sided printed circuit boards (gold
plated or tin/lead finished)

PSS-01- 711 Issue 1 (Cct ober 1982)

Product assurance requirenents for Mcro VCM apparatus and associ at ed
equi pnent .

PSS-01- 713 | ssue 1 (Cct ober 1982}

Measurement of the peel and pull-off strength of coatingsand finishes with
pressure sensitive tape

PSS-01-718 Issue 1 (Cctober 1987)
The preparation, assenbly and nounting of RF coaxial cables
PSS- 01- 720 I ssue 1 (Jul'y 1985)

Determnation of the susceptibility of silver-plated copper wire/cable to
"red plague" corrosion

PSS-01- 722 I ssue 2 (Decenber 1990)
The control of limted life itens

PSS- 01- 726 Issue 2 (Decenber 1990)
The crinping of high reliability electrical connections

PSS-01-728 Issue 2 ) _ ~ (February 1991) o
The repair and nodification ofprihted” citcuit” boards and soldered joints
for space use

PSS-01-730 I'ssue 1 R _(March 91)
The wire wapping of high reliability electrical connections

PSS-01- 736 I'ssue 1 . (May 1981)
Material selection for controlling stress-corrosion cracking

PSS-01- 737 I'ssue 1 o (September 1981) .
Determ nation of the susceptibility of metals to stress corrosion cracking

PSS-01-738 I ssue 1 (March 1991)

H gh-reliability soldering for surface-nount and mixed technology printed
circuit boards.
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PS5-01-748 I ssue 1 (March 1992)

Requirenents for ESA approved ekille training and certification (El ectronic
assenbly techni ques)

PSS-05-0 | ssue 2 (February 1991)
ESA software engineering standards

ESA/SCC System

ESA/ SCC QPL

CSGRS-10A-Ct?

Edition 4, Revision O (August 1991)
CSG Safety Regul ations

M L- EDBK- 217F + notice 1 _
Reliability prediction for electronic equipnent

MIL-STD-454K _ _ _
Standard general requirements for electronic equipment

82.2 REFERENCE DOCUMENTS

The reference docunents given in the following list are for general guidance

only. They need not be applied but they should be given preference over
ot her docunments covering simlar topics.

PSS- 01- 402 Issue 1, draft 3 (May 1990)
Design safety requirenents for ESA space systens

PSS-01- 603 | ssue 2 (June 1985)
esa preferred parts |ist

NPRD- 91

Non electronic parts reliability data 1991

1S0-9004.7

Quidelines for Configuration Mnagenent

PSS-01. 302 Issue 1 Draft 4

Failure rates for ESA Space Systems

PSS-01- 701 Issue 1, Rev. 3 January 1994
Data for the selection of space mterials

QC/172/RdM 1ss.1, June 1992
ESA ASIC Design and Assurance Requiremnents.

B2.3 ORDER OF PRECEDENCE

In case of conflict between docunents applicable to the METOP-1 project, the
order of precedence shall be as follows

1. The Contract
2. This Statement of Wrk including Annexes
3. QG her Applicable Docunents.

)
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PRODUCT ASSURANCE MANAGEMENT
83.1 PRODUCT ASSURANCE PQLICY

The ESA Product Assurance policy is contained in PSS-01-0.

83.2 ORGANISATION

The Contractors shall establish and maintain a Product Assurance
organi zation for the project.

The Product Assurance organization shall conprise all personnel, resources,
and facilities necessary to acconplish project Product Assurance activities
effectively, economically, and on-tine.

The PA organization for the project shall be directed by a PAnanager.
The PA nmanager shall be part of the conpany PA organization.

The PA manager shall, for the day by day project activities, report directly
to the project nmanager and be responsibl'e for the proper conduct and
conclusion of the overall PA programe.

The Contractor shall ensure that the appointed PA manager has the requisite
seniority and authority and that the organizational |inks and resources
exist to permt his:

- uni mpeded access to higher managenent;

- access to the supr)ort of other Contractor organizational groups or
resources either planned or required for energency investigations;

- direct access to his counterparts at ESA and subcontractors.

The PA organization shall provide for, and promote exchange of information
among the PA disciplines and between the PA and other project groups.

Responsi bility for configuration managenment can be assigned to a
configuration manager who is not a member of the Contractor PA organization
al though configuration managenent is part of PA in accordance wth PSS-01-0O
83.3  PA PROGRAMME P| AN

B3.3.1 CGener al

In response to the requirements ofthis specification, a PA Programme Pl an
shal |l be generated and nmmintained to docunment and control all PA
activities.

The PA Programme Plan shall include details as to how the Contractor
intends to verify that the programme will be acconplished and how he
intends to perform supervisory and nonitoring actions on subcontractors
and suppliers.

Contractor internal conpany procedures may be referenced in the PA plan.
Contractors should be aware that referencing internal conpany procedures
inthe PAplan will limt the company's ability to unilaterally change the

procedures. Al nmodifications to these procedures shall be considered as
modi fications to the PAplan.

The Product Assurance Programme Pl an shall serve as a master planning and
control docurment for the product assurance programme.

The Prine Contractor PA Programme Planshall be approved by ESA.
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Lower level Contractor8 PA Programme Pl an8 shall be approved by the
next - hi gher managenment |evel.
Each PA plan shall be applicable following its approval

Sub- Contractors PA Programme! Plan8 shall be forwarded to ESA for
i nformation.

In the event of a conflict between this specification and the approved PA
plans, this specification shall take precedence.

Each PA plan shall include a section tcetifying to the plan' & conpliance

with the requirements of this specification and identifying any relevant
di screpancies (compliance matrix).

Changes to the PA plan shal| besubmitted tocustonmer's approval and shall
be processed in accordance With the docunentationmanagenent requirenents.

B3.3.2 Cont ent
The plan shall describe the following itens:

- Product Assurance Organiszation: t he organi zati onal structure
established for the project's product assurance programme shall be
described, including the interfaces wth supporting groups, services
and facilities. The product assurance manager and senior personnel of
the product assurance group shall be nanmed and their authority,
responsibilities and position within the technical management structure
established for the project clearly stated. Organigrammes, charts and
exhi bit8 describing organization elenents and system flow shall be
included. A statement of the nanpower conplenent needed for the
performance of the product assurance programe shall be included,
showi ng the nanpower required per time period/ project phase.

- Tasks and Schedul e: the PA tasks toO be undertaken shall be described
together with the relationship of these tasks to the overall programe
mlestones. The relationship Of activities in each PA discipline to
those of all other PA disciplines shall also be defined. Thi s
informati on Bhould be presented in a chart or graphical form

- Deliverables: the PA documents to be delivered by the Contractors shall
be identified with reference to the Documents Requirenment List (DRL).

- Docunent at i on: definition or reference to the product assurance design
rules, standards, practices, nmethod8 (including R & S analyses),
procedures, and data formats that shall be used in the inplenentation
and execution of each PA discipline. Detail8 shall be provided of any
lists, specifications, reports and records which are to be prepared and

mai nt ai ned.

- Reporting : This section shall define the system used to report
activity Btatus, progress and problem areas for the programme. This
section shall also identify the specific fornB and procedures to be
used for reporting.

- Quality Assurance Programme Pl an.

- ERE Conponent Procuremant and Control Plan.

- Part8 (non-EEE), Materials and Process Selection and Control Pl an.

- Software Product Assurance Pl an.

- Reliability and Safmty Assurance Plan.
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- Oitical rtems Control Plan: this plan shall  provide the control
system for all reliability, and safety (including fracture critical)
critical itens.

- configuration Management Plan: as described in the statement of work.
This plan can be delivered outside the PA plan.

B3. 4 PA STATUS RXPORTS

Before each project progress neeting, the Contractor shall prepare and
submit reports on the status of the product assurance program to ESA The
information in each report shall be related to information provided in
previous reports. This report may be provided as a section in an overall

project status report. The report shall as a minimum contain the follow ng
I nformation

- Acconplishnents: the report shall identify specific work activities,
audits, 1inspections, visits and/or tasks which have been conpleted. This
shal |l be done for both planned and unplanned items which serve to neet the
requirenents of the PA programme. The outputs and results of each item
shall be specifically identified. This section shall contain a summary
of significant decisions or actions affecting the product assurance
progr ame.

- Wrk in Procress: the report shall identify specific work activities,
activities and/or tasks which have been started but not yet completed. It
shall identify the technical progress of each itemwth reference to the
approved PA Programme Pl an.

- Wrk Overdue: the report shall identify specific work activities,
audits, events, inspections, visits and/or” tasks which were planned or
schedul ed to occur-but did not take place. This shall include reporting

work in progress which did not acconplish the objectives stated in
approved pl ans, ﬁrevi ous status reports, or other documents. For each item
identified in this section solutions shall be identified with specific
nmeasures of progress and nilestones.

- Status of critical itens (for vphase C/D): the report shall identify the
status of all 1tens i1dentified In the Critical Itenms List. This shall
include reporting the progress of reducing the criticality of specific
items.

- Status of nmmjor non-conformances (for phase C/D) : the report shall
Identify the status of all nmajor non-conformances identified on the
programme. This shall include the identification, consequential effects,

pl anned activities for problem resolution, and resolution status of each

non-conformance. This nay be done by reference to existing reports which
contain this information.

- Status of Problens: the report shall identify the status of all technical
and/or managenent problems not controlled by a Non-conformance Report.
This shall include identifying the nature of the problem its

consequential effects, actions taken or planned to resolve the problem

and the status of those actions. Reasons for unresolved problens
continuing to exist should be identified.

- Status of EFE parts procurement activities.

- Future Activities: the report shall identify all planned activities,

actions, and events for the forthconming period. This shall include a
schedule for all itens.
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83.5 PA PROGRESS MEETINGS

PA progress neeting8 shall be held between ESAand the prime Contractors
and/or direct Contractors, these can be organised in the framework of the
overal|l project progress neetings.

Speci al - purpose neetings nay also be organized, as necessary, for various
specialists (R & S, parts, processes, mterials, software, etc.).

ESA may attend PA progress neetings organized at any |level below the Prine
Contractor |evel.

The minutes shall be witten by the Contractor during the nmeeting, co-signed
by both parties and circulated by the Contractor.

83.6 ~ INTERFACES WITE CONFIGURATION MANAGEMENT

The configuration managenent requirements are defined in the PSS-01-11. The

purpose of this section is to define the PA involvenent in configuration
management .

Product Assurance plays a three-fold role in configuration management
i nvol vi ng:

- review of the design docunentation,

- participation to the Configuration Control Board (CCB},

- Identification and reconciliation ofdiscrepancies between *as designed”
configuration and "as-built' configuration (for phase C/ D).

Any discrepancy observed between the *as designed" configuration and the
"as-built" configuration shall be subject to the non-confornmance processing
procedure as defined in PSS-01-20.

B3. 7 CRITI CAL roNCTIONS AND ITEMS CONTROL

The Contractor shall establish and maintain an integrated Oitical Itens
Control Progranmme. Elements regarded as critical to the safety and
reliability shall be formally identified and controlled as project critical
items. The critical items shall include the Fracture Critical Itens.

Al itens designated critical items, shall be subjected to special controls
as follows:

- Oitical itens shall be uniquely identified and classified according to
the nature of the criticality, and recorded in the project Critical Itens
List, which is subject to Esa approval.

- Critical items shall constantly be subjected to efforts to elinminate them
or to reduce their criticality to acceptable levels, and, shall be
regularly reviewed as regards their continued criticality.

- The Citical Item List including the criticality status of every Item
shall be made available to the appropriate project personnel of the
Contractors and their subContractors.

- The COitical Items List and the status of every critical items shall be
included in regular status reports (for phase ¢/p).

- Al design, manufacturing, and testing documentation which is related to
critical itenms shall be identified and marked, and document traceability
shall be maintained by docunent nunber and issue (forphase CD).

.y
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- Appropriate and adequate representation is provided for Audits, Mandatory
and keylnspections, Mterial Review Boards (MRB}, Configuration Control
Boards (ccB), and Test/Qualification Review Boards which involve critical
items (for phase C/D).

- Manufacturing, assembly, maintenance, servicing, testi n% and operation
involving critical items is nonitored for problens which may affect the
performance of the items during the Operational Phase (for phase CD).

- Safety Critical Functions shall be qualified in accordance with the
requirenents of PSS-01-40.

Critical itens shall be ranked for criticality using criteria which shall
be established by the Prime Contractor and approved by ESA. The ranking
shall be used to define the priority and extent to which critical itens
control procedures and nmeasures shall be applied to each critical item
The Critical Items List shall include all those items of hardware or
software, and procedures, which are identified as critical in accordance
with the requirements specified herein.

The critical itens shall be reviewed during project reviews and closed
during phase C/D project reviews.

B3.8 AUDITS

The Contractor shall conduct audits of his own (internal audits) and of his
subContractor’'s and supplier's (external audits) facilities , equipnent,
personnel procedures, services and operations to verify the conpliance wth
the PA requirenents.

Each audit shall be perforned by a team of Contractor personnel famliar
with all witten docunentation applicable to the operation of the work areas
being audited. It shall include exam nation of all operations and
docunentation, evaluation of actual operation as conpared wth established
requirenents, and termnate with recommendations for corrective and
preventive actions and followup to assess results of recomrendations.

The Contractor shall establish and maintain an audit plan designating the
SubContractors and Suppliers to be audited, the current status and the
schedul e for auditing.

In addition to the planned audits, extra audits shall be performed when
necessary to overcome failure, consistent poor quality, or other problens.

ESA reserves the right to be represented in the audits. For this purpose,
the audit schedule shall be supplied to ESA and up&ed regularly. No audit
shall be performed w thout giving ESA at least 5 working day notice.

ESA reserves also the right to audit any SubContractor or Supplier at any
tim, giving notification to the Contractor and any intervening Co-
Contractor.

Audits shall be perforned according to predefined checklists.

The Contractor shall issue a report for each audit performed. The report
shal | include:

a. Overall conclusions.

b. ldentification of areas of non-conpliance or weakness.

c. Actions ained at correctin]g the points identified above.
The actions shall have defined conpletion dates and shall be clearly
accepted by signature by the audited organization.

d. The conpleted audit checklist.
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Each audit report shall be issued within 5 working days of the audit visit
and one copy shall be sent to ESA at that tine.

Corrective action8 identified by the audit shall be followed-up to the
elimnation of all discrepancies found.

83.9 TRAINING

The Contractor shall have trained and conpetent pereonnel to inplenent the
PA progranme. Forthis purpose, the Contractor shall establish a documented
training programme for PA personnel and all other personnel whose
performance determine oraffect product quality.

In their PA plane, Contractor8 shall explicitly define:

- all technical activitiescalling for special skills,

- the nethod8 adopted in relation to the selection, training and
certification of the relevant personnel and the manner in which their
skills are to be nmintained.

Records of training and Certification status O personnel Shall be main-
tained and shall be avail able upon request.

B3.10 ESA / CONTRACTOR INTERFACE

The Contractors shall be responsible for generating, collecting, and
recording the product assurance evidence and for denonstrating the achieved
levels to ESA on request. The Contractor8 shall not inpede ESA's
performance ofits nonitoring and inspection function. In particular, the

Contractors shall provide free access to resources and facilities necessary
for authorized officer8 toundertake these activities. The Contractor8 shall
ensure that his subContractors provide simlar free access, resources and
facilities when so required.

B3.11 ELECTRONIC PROCESSING OF DATA

The Contractor is encouraged to Collect, store, review and transmt Product
Assurance Data by electronic means.

B3.12 STANDARDISATION

Common product assurance design rules, standards, nethods (including R & S
anal yses), procedures, and data format8 shall be used by all Contractors.

83.13 VERIFICALINTCATION A N D ACCEPTANCE

Verification is the process of showing that a requirement has been
satisfied. Requirement8 verification shall be perforned progressively, as
each stage of the project is conpleted, and provide8 the organised base of
data upon which qual i #i cation and acceptance willbe increnental |y decl ared.

Qualification is the formal recognition that an item design neets custoner
requi rements, while Acceptance is the formal recognition of the item
conformity to the qualified design.

B3.13.1 Structured Reguirements

The Contractor shall establish and maintain a system for defining and
relating the requirenent8 in an organised nanner. The eystem shall be
aimed to ensure consistency and completeness of both: t op- down
requirements allocation and bottomup requirement8 verification.

a8 vewa
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Traceability to ESA requirements and to verifications results shall be
ensured. The Contractor shall describe in the PA plan how the traceability
and verifiability ofthe requirements system will be achieved.

B3. 13. 2 vVerification
The verification process wll consist of:

- Verification of conpliance between system design and Agency
requi renents.

- Verification that system design requirements are properly allocated to
| ower levels itens.

- Incremental verification of itenms detailed design conpliance to their
approved design requirenents up to system |evel.

- Increnental denonstration by test of itens conpliance to their approved
design requirements up to system level, and validation of the "“as
desi gned" docunentati on. ,

- Confornmity verification and reconciliation of the *as built"
configuration to the "as design", for each itemup to system level.

System and |ower levels reviews represent the formal checking of the data
provided by the verification Jarocess to finally decide whether the
requirenents have been fulfilled.

B3.13.3 Qualification
The process of qualification is defined as:

"Determination that the item is capable of neeting the established
performance and design requirenents with nargins commensurate with the
application and use environment."

The design is qualified by the customer when the collected evidence from
tests, inspections, reviews, analyses, conparisonsprovethat requirements
have been satisfied.

Qualification shall be achieved from the l[owest |evel upwards so that at
each level when qualification takes place, all applicable |ower |evel
items will have been previously qualified. alification shall apply to
all deliverable itens whether produced by the Contractor or his
co/subContractors.

The Contractor shall track and record and periodically report to ESA the
qualification status of all deliverable itens as well the progress of the
qualification programe.

Qualification Tests

Toobtain authorisation to initiate qualification tests the Contractor
shal | ensure that:

- the qualification test procedures and facilities are defined, available
and conforming to requirenents;

- pass/fail criteria are defined;

- data recording provisions are adequate;

- the configuration of the qualification item is conpliant with the
design standard configuration;

- all non-conformances have been notified to the Custonmer for approval;
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- the qualification item docunmentation (I|og-book) is conplete and
avail abl e;

Qualification tests shall be perfornmed in accordance with the detailed
procedures authorised at the presentation.

Al actions enmerging from the qualification tests shall be conpleted to
the satisfaction of the customer.

on conpletion of qualification tests, a qualification report shall be
written which addresses all aspects of the activity and states the
conclusions as to the technical proof actually denonstrated. The report
shall be submitted for approval to the custonmer as the qualifying
authority.

. [ ficati

Once the design has been qualified, all subsequent changes shall be
reviewed for their inpact on the qualification status.

Qualification by Sinmilarity

Qualification by simlarity nmay be accepted if the Contractor provides
justification and evidence that the new set of requirements is within the
limts of the previously qualified design.
Wien the new set of requirenments is nore stringent than those of the
qualification, conplenentary qualification tests and justifications shall
be provided to the custoner for approval.

B3.13.4 Acceptance

Acceptance activities shall be carried out in accordance to PSS-01-20.
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RELIABILILTY AND_SAFETY

B4.1 R &S MANAGEMENT

The Contractor shall carry out, in an integrated way, the different tasks
described in this specification for reliability and safety.

Risk to human life, investment, environment and mssion shall be controlled
according to the follow ng sequence.

allocation of R & S requirenents,
risk identification,

ri sk eval uation,

ri sk reduction, and

ri sk acceptance and nanagenent.

This shall be a continuous and iterative process, based on both qualitative
and quantitative analyses and shall take advantage of experience acquired
in the course of other simlar programmes.

B4.2 R & S ENGINEERING
B4.2.1 Integration of R & S into Project Activities

R & S engineering shall be involved in trade-off studies between
alternative technical solutions, and shall remain involved throughout all
project phases including contributions to, and feedback from integration
and test operations.

R & s engineering shall provide inputs for the generation of design
specifications, and shall review them for conmpliance with R & S
requirenents.

R & S engineering shall participate in the internal and external
interfaces activities.

The risk reduction and risk control processes shall be the joint
responsibilities of the PA and Engineering teans.

R & S analyses shall be signed off by the PA Manager and the Engineering
Manager .

B4.2.2 R & S Analyses

Risk identification and evaluation in relation to mission technical
success and safety shall be undertaken using the reliability, and the
safety analyses required in this specification.

In the interests of exhaustive analysis, these nmethods shall be combined
in order to allow conplenentary approaches, nanely top-down andbottom up:

- using a given undesirable event or consequence as a starting point,
top-down analysis will be used to identify causes,

- using a given single cause or conbination of causes as a starting

point, bottomup analysis wll be used to identify undesirable events
and its consequences.

Prime Contractor shall put forward a recommended |evel of overlap between

these analyses both to facilitate the conparison ofresults and nake the
anal yses nbre exhaustive.
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In the case ofquantitative analyses, the Contractor shall take into
account the uncertainties associatedw ththe data and use them to conduct
sensitivity studies.

The different analyses shall take into account relevant experience
acquired in the course ofsimlar prograns.

B4. 3 R & 8 ASSURANCE
R & S Assurance shall denpnstrate that:

the R & S objectives and requirements conmply with the needs,
the neans adopted are conpatible with the objectives,
the nethodol ogies are appropriate,
actii)ns. and recormendations are duly undertaken and followed through to
conpl eti on,
- alrpidentified risks are controlled and acceptable in accordance with
programe requirements,
- all activities are duly documented in accordance with the contractual
requirements.

The Prime Contractor shall define a system for the identification,
recording, followup, processing and formal close-out, of risk reduction
actions and recomendations arising out of R & S activities, in the PA
pl an.

The status of these actions and recommendations shall be periodically
presented to ESA As a mninum this status data will be presented at
project reviews.

B4. 4 R & 8 PLAN

The Contractor shall prepare a R& S plan in accordance with both the
contract and the applicable requirenents.

The R & S plan shall define the R & S programme to be inpl emented and
describe the manner in which the Contractor is to carry out the different
tasks then verify that they have been properly executed.

Each R & S activity shall be identified, the corresponding inplenentation
met hod sumarized, and the inplenentation schedule defined in terms of the
project life cycle.

The plan shall define the R & S organization and responsibilities,
particularly as regards:

- the relationships between the different aspects of R& S (Reliability, and
Safety?,

- the relationships between R & S and the other aspects of PA (including
configuration control),

- the relationships with the other aspects ofthe project (engineering,
manuf acturing, testing).

The plan shall also describe how the different R & S activities are to be
defined and controlled at the |ower contractual |evels.

The plan shall ehow how the safety rules and standards applicable to the
different activities and sites involvedinthe course of the project will
be conplied wth.

B4.5  SAFETY ASSURANCE

PS§S-01-40 applies with the follow ng nodifications:
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PSS-01-40, section 2 "Applicable docunents"

PSS-01- 400, PSS-01-403, PSS-01-404, PSS-06-20, sLP/2104 shall not be
considered as applicable.

PSS-01-402 shall be considered as a reference docunent.

PSS-01-40, section -2 "Safety Assurance O ganization and Managenent"
Add: » The Safety personnel shall be part of the product assurance teant

PSS-01-40, section |-4 "System safety programme plan*®
Add: "The safety programme plan shall be an integral part of the R & S plan
as defined in this specification."”

PSs-01-40, section 1-6 "Project technical safety specification"
The project technical safety specification shall be an integral part or
design specification.

PSS-01-40, section |-7 "Safety assurance"
Al references to PSS-01-400, PSS-01-403, PSS-01-404 shall be deleted

PSS-01-40, section |-7.1 .1.1 *Hazard consequence severity categories"
Change "critical" to "serious".

PSS-01-40, section |-7.4 "ldentification and control of safety-critical
functions and safety critical itens*

Delete the first paragraph and replace by the follow ng:

"The following definitions shall apply:

Safety critical function: function that if lost or degraded, or which
through incorrect or inadvertent operation, would result in a catastrophic
or serious consequence.

Safety critical item items or procedures which support a safety critical
function, but which do not conply with the applicable requirenents for
safety, or which cannot be verified as complying with those requirements."

Last bullet starting from "assembly, ...": "safety critical items" shall
read as "itenms supporting safety critical functions"

pPS5-01-40, section |-7.5 "Safety validation and qualification testing"
In this section, "safety critical items" shall read as "itenms supporting
safety critical functions"

pPss-01-40, section [-7.10 "Safety reviews and neetings"
Not applicable

PSS-01-40, section Il "System level technical requirenents”

The requirenents in this section |l are superseded by the technical
requirenents in the SS.OW

Annex 1 should be used as a reference

Annex 2 is applicable

Annex 3 is applicable as tailored in the SOW

Annex 4 "Definitions" is applicable with the nodifications listed earlier
in this paragraph and the tollow ng ones :

Definition of "Cperator Error® to be replaced by the follow ng one : "The
failure ofan operator to perform an action as required or tralined"

Add the definition of "Failure®": =*The inability of a systemto perform as
specified. Failure can originate from hardware, software, firmware or
procedures or can be caused by natural or induced environnmental effects.”

B4.5.1 Fracture Control Requirements
PSS-01-401 applies with the modifications identified in Annex A to the sw

{(para 4.11) pl us
Para 4.4 Docunent Requirenents
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‘A Fracture Control Plan identifying itens concered and docunents which
will later contain the relevant analysis and test results shall be
delivered aspart ofthe PDR package. The actual analysis and test report
shall be part of the CDR package'.

B4.6. RELIAIBLITY ASSURANCE
PSSs-01-30 applies with the follow ng nodifications:

When in pss-01-30 reference is nade to PSS-01-10, this should read as a
reference to the present specification.

pPSs-01-30, para. 1.3 "Applicable documents”
PSS-01-303 is not applicable.

PSS-01-30, para. 2.2 "Basic approach"
- delete item j

PSS-01-30, para. 3.2 "Reliability programme plan"
Add: n"The reliability programme plan shall be an integral part of the R &
s plan as specified in this specification."”

PSS-01-30, para. 4.4 "Functional analysis"

Replace bullet d) by the follow ng: o o

"d) As a result of Functional Analysis, reliability critical and safety
critical functional paths shall be identified.

PSS-01-30, para. 4.5 *Failure effect severity categories"

The part of this paragraph from"The rule of the ..." till "Unschedul ed
mai nt enance . ..» shall be replaced by the followng :

“any reference to the FESC shall be intended as reference to the Consequence

Severity categories defined in the Safety Assurance chapter ofthis
docurnent . "

PSS-01-30, para. 4.6 "Failure tolerance"

Not applicable. The failure tolerance requirements applicable to METOP-1 are
given in the SSOW

PSS-01-30, para. 4.9 "Reliability Apportionment and Prediction"

Delete from *The reliability prediction . . ..up to...specified in Ppss-01-
401"

PSS-01-30, para. 4.10 "Failure nodes, Effects and Criticality Analysis
(FMECA) "
Reference to PSS-01-303 shall be deleted

PSS-01-30, para. 4.12 "Analysis data base"

NPRD-91 shall be used as a reference for non-electronic parts reliability
dat a.

PSS-01-30, para. 4.13.1 'Reliability Critical Itens (RCI) and Reliability
Critical ItemsList (RCIL)"

Delete first sentence including bullets a), b),c). and replace by the
fol | ow ng:

*The following definitions shall apply:

Reliabilitv critical function: function that if |ost or desraded.. or which
through incorrect or inadvertent operation, would result in ngjor
consequences.

Reliability critical item itenms or procedures which support a reliability
critical function, but which do not comply with the applicable reliability
or availability acceptance requirenent8 given in the S.OW or which cannot
be verified as complying with those requirenents."”
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PSS-01-30, |oars. 4,17 "Contingency analysis"®
Not applicable during phase B.

PSS-01-30, para. 4.19.2 "Human reliability modelling"
Quantitative modelling of human reliability is not required during phase B.
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BS. QUATLITY ASSURANCE NMANAGENENT
PSS-01-20 applies with the follow ng nodifications:

When in PSS-01-20 reference is made to PSS-01-10, this should read as a
reference to the present specification.

pPSs-01-20, para. 1.3 "Applicable documents”
PSS-01-001, PSS-01-12 are not applicable.

Pss-01-20, para. 1.4 "Definitions"
Not applicable.

PSS-01-20, para. 2.1 "Quality assurance programme"
Last sentence: delete *in accordance with PSs-01-12

PSS-01-20, para. 2.3 "Quality assurance programme plan”

Add : "The quality assurance progranune plan shall be part of the product
assurance plan."

PSS-01-20, para. 5.4.1.2 "Audit Checklists"
Repl ace by: "Audit shall be performed according to predefined checklists".

B6. PARTS. MATERIALS AND PROCESSES
86.1 EEE PARTS SELECTION AND PROCUREMENT
PSS-01-60 applies with the followi ng nodifications

PSS-01-60 para. 3.7 *Experience Summary Report”
Not relevant to Phase B.

P55-01-60 para. 4.7.3 "Preferred conponents”

Whol e paragraph to be deleted and replaced by the follow ng :

"The Prime Contractor shall conpile an METOP-1 EEE Preferred Parts List
(METOP-1-PPL) . This list shall contain an adequate range of conponents drawn
from existing qual ified and preferred parts lists, current programes and
new technol ogies where sufficient qualification data is available.

The ESA Preferred Parts List ESA PSS-01-603, shall be used as the prinmary
basis for conponents selection

The METOP-1-PPL shall be submitted to ESA for approval and shall be
mai nt ai ned under configuration control by the Prime Contractor.”

PSS-01-60 para. 4.7.4 "Non PPL Listed Conponents”
*'Replace 'PSS-01-603' by ‘METOP-1-PPL' *.

PSS-01-60 para. 4.10.3 "Gound Support Equiprent”

Repl ace whol e paragraph by the following :

*The requirements laid down herein are also applicable to the conponents of
grﬁpnld support equipment with direct physical interface with the space
vehi cl e.

The requirenents for the non interfacing conponents in ground support
equi prent shall be specified by the prime Contractor in accordance with the
related reliability and safety requirements".

PSS-01-60 para. 5.5.2 "Destructive Physical Analysis (DPA)"
Sentence "If not requested otherwise by the contract, three additional

sanples from each lot / date code shall be procured and supplied to ESA" to
be deleted and replaced by the followi ng :
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"Three additional samples fromeach |ot/date code shall be procured and kept
in stock as reference for further investigation by ESA or Contractor in case

a problemfailure arise on the lot".

PSS-01-60 para .5.6 "Components failures”

Repl ace paragraph by the follow ng:

"Conponents failures shall be dispositioned in accordance with the
requi renents of PSS-01-20. The classification of component non confornances
shall be as follows:

- When a batch or a lot of conponents exceeds the rejection criteria of the
procurenment specification before delivery to the procurer or user, the non
conformance shall be classified as MMJORIf it is proposed that the batch
or lot is still considered for delivery.

- At inconing inspection the follow ng non conformances nmay be classified
as M NOR

. isolated conmponents with single electrical characteristics slightly out
of specification. \Wwere there is nmore than one conponent per lot or
batch with the same characteristic out of specification, this shall
constitute a MAJOR non conformance. ] . o

. cosnetic visual defects where the form fit, function and reliability
of the conponent are not affected.

. mnor inconsistencies in the docunentation such as nissing items where
the supplier agrees to supply the mssing docunents. This does not
renove the need to quarantine the delivered conponents until any
m ssing data are supplied and checked.

another non-conformances discoveredafter delivery from the manufacturer
(I'ncluding DPA) shall be classified as MAJOR."

86. 2 MATERI ALS, MECHANICAL PARTS, PROCESSES (MMPP)

pP$s-01-70 and PSS-01-700 appli es.

PS§-01-701 iS to be used as guidelines.
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B7. SOFTWARE PRODUCT ASSURANCE MANAGEMENT
PSS-01-21 applies with the follow ng modifications:

PSS-01-21 para. 1.3 "Applicable Docunents"”
PSS-01-10 and PSS-01-50 shall not be considered as applicable.

PS5-01-21 pare. 3.4 "Software product assurance procedures”

Applicable with the followi ng changes:

bull et £) shall read: "Classification - procedures to classify a software
product according to its functional criticality"

Pss-01-21 para. 3.5 *Software classification”
Repl aced by the following

"Software shall be classified according its functional criticality using the
applicable safety and reliability consequence severity categories."

*The classification system should also take into consideration other factors
(i.e. cases of conplexity, size, |anguage, type of application . etc )."

"The classification system shall be approved by ESA."

*aA list of the software and the resulting classification of each unit /

component / item shall be produced and kept up-to-date by the Contractor. This
list shall be a deliverable item"

PSS-01-21 para. 3.6 "devel opment statistics" (for phase D)

Replace the four first lines by the followng :
"The Contractor shall set up asystemforgathering data and devel opnent

metrics throughout the *custom™ software devel opment cycle. The metrics shall
(at least) cover the following:*"

Points a) through f) of para. 3.6 of PSS-01-21 remain valid. In applying
points e} and £) concerning effort and cost, only relative values shall be
deliverable to ESA

Add "The Contractor shall describe in the Software PA Plan the metrics to be
gathered and how they wll be used."

“The Contractor shall analyze the collected devel opnent data to provide
evidence that the devel opnment of the software is conformng to the
requirenments. *

PSS-01-21 para. 3.7 "Subcontracted and purchased software" (for phase C D)
Suppl erented by the foll owing:

"The eval uati on of COTS or "Reusable* software Suppliers shall cover the
Supplier's capability for ensuring COTS software nmintenance for the duration
of the programme, for which the software is being purchased, and at the sane
time the Supplier's general policies concerning

.(a) mai nﬁ enance and procedures for keeping custonmers informed of product
changes,

(b) licensing arrangenents."”

"The selection of COTS or *Reusable" software and Suppliers shall be based on
the conbined evaluation of the software and the Supplier."

"The Contractor purchasing a COTS or "Reusable" software product shall issue

a procurenent Requirenments Docunent which shall be submitted to the Custoner
for acceptance.*
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*The Prime Contractor shall establish a format for the Procurement Requirenent
Document . "

"Each COTS or "Reusable" software product shall be evaluated by the Contractor
that purchases it. The evaluation shall cover:

(a) anal ysis of special conditions associated with the product (access
restrictions, confidentiality clauses, renewable licenses, etc.),

{b) references concerning the useofthe sane products in other projects or
appl i cations. . . . . .

(c) conpliance with the applicable requirenents as defined in this
document .

(d) avail abl e documentation.”

"The Contractor purchasing COTS or "Reusable" software shall ensure that the
supplied docunentation neets the requirements of the project.”

"The Contractor shall nodify or re-issue documentation of COIS or "Reusable"
sof twar e if the available documentation does not satisfy the project's
needs."

Add para. "3.8: Standards , Methods and Production Tools" (for phase C D)
*p conmon SDE shall be proposed by the Contractor, for approval by ESA (TBC)*

"Preference shall be given to the tools and nethods available through the use
of a Software Devel opnent  Environment  (SDE} for "Custom" software
devel opment . "

"The use of a SDE shall be mandatory if the software to be developed is
classified as a Critical Software."

"Sof tware devel opnent tools, other than those available through the SDE, shall
only be used follow ng ESA approval."

“If "non-deliverable" software is used during devel opment and test, the non-
deliverable software shall be identified and its use and purpose shall be
docunent ed. "

Add the following para "3.9 Software Quality Factors" (for phase CD

"A selection of software "Quality Factors" shall be proposed for approval by
ESA to establish, at requirement level, the characteristics that the software
product shall exhibit for the acceptability of the product by the Custoner.
,prpendix C shall be used as a reference for the selection of "quality
actors""

Add para. "3.10: Configuration Managenment" (for phase C/ D)

"Documentation configuration management shall, in particular, ensure that it
is always possible to establish the traceability between the versions of the

conputer codes (source code, object or nachine code), the versions of the
associ ated docunments and the versions of the devel opnent tools."

Add para. "3.11: Software Archiving and Library management" (for phase C/ D)
"The Contractor shall define the methods and the provisions for: .

(a) software (and software documentation) archiving and safe-keeping.
(b) software protection against unauthorized or nalicious access."

Add para. "3.12: Software Reliability"
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"For each software product the validation O software Reliability shall be
provided primarily by neans of software testing. Analytical data and design
proof can only support such validation effort.’

v Fault Tol erance:"

"The required level of fault-tolerance forsoftware shall be specified in the
rel evant sections of the Software Requirenent Document (SRD)."

*The fault hypotheses on which the design ofthe fault-tolerance mechanisns
is based shall be clearly defined in the corresponding Architectural Design
(ADD) and Detailed Design (DDD} docurents.”

*The Contractor shall ensure that redundant software products are designed and
produced by independent teams and that the nmethods and algorithms used are
sufficiently diversified to avoid common-mode failures.”

PS5-01-21 para. 4.1. “Requirements definition"
"Software ESA PA shall..." should read "Software PA shall..."

PS5-01-21 Appendix A "Definitions”
Mdify the following definitions:

Reliability critical software: Software supporting a reliability critical
function.

Safety critical software: Software supporting a safety critical function.
Add the following definitions:

Supplier : the COTS software vendor.

Software Types

- "Deliverable® software: a software product developed according to a Software
Requirenents Docunment, and supplied, or intended to be supplied, by one
Contractor to a Customer.

Under deliverable software the following tw sub-types are identified:

(a) “custom* software: a software developed within the franmework of an
ESA‘s programe,
The devel opnent life-cycle for "Custont software and the associated
deliverable docurments are defined in PSS-05-0

(b) "Reugable"software: a software devel oped within the framework of a
space programme and which is reusable by another progranmme.

- “Non-deliverable®"software: a software devel oped or used by a Contractor
(for its own purposes) and which is not intended for delivery to ESA.

?omercinl Of -The-Shelf (COIS): a software possessing all of the following
eat ures

{a) belongs to a Supplier's catal ogue,

(b) marketed as an "off-the-shelf' software product,

(c) usable “as it is",

{q) references are available concerning its use outside the context of ESA's
programmes,

(e) corresponds, for its functionality, to an issued Requirenment Docunent.

Depending on the circunstances, COIS software may be deliverable or
non-del i ver abl e.
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Add Appendix C Software quality factors:
"Quality Factors are characteristics which a software product exhibits that

reflect the degree of acceptability ofthe product to the Customer. Below is
a list of the nost relevant Quality Factors.(User oriented factors)."

reliability : the rate of failures of the software that render it
unusabl e.

mai ntainability ease of finding and fixing errors.

efficiency: fecono‘r’ry of resources needed for carrying out specific

unctions.

correctness : conformance of software design and inplenmentation to stated
requirenents.

verifiability : ease of verification offunctionality against requirenments.

portability: ease with which software can be transferred from one
hardware environment to another,

flexibility: capability for successful evolution outside the project
speci fication,

coupl ability: ease of coupling the software with software in other
systens or applications.

reusability: ease with which software can be reused, wholly or in part,
for non-specified applications.

expendability : ease of mmintaining the software to nmeet new functional or
performance requirenents.

integrity : gecuri ty against unauthorized access and/or wong input
at a.

usability : ease of learning to use the software and preparing input
and interpreting output.

survivability : continuity of reliable execution in presence of external

failure."
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B8.

QONEL CURATL ON_MANAGEMENT

The Configuration Managenment Requirenents are defined in PSS-01-11.
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(and the Gound

_ with comunication and operation requirenments
apply to the interface between the METOP-1 Space Segnent

and the

the interface between ground and

0.2 GENERAL MANAGEMENT REOQUIREMENTS

ADO t bd

AD2 MO RS- ESA- SY- 0023

AD3 MMS/MET/TN/JLD/160.94

C .3 REFERENCE DOCUMENTS

RDO1 OCN-I1A-TN-1.0.1.2-61-1PT

RDO2 CE |S-2617547

RDO3 CGE | S-262 4403

RDO4 EPS/MHS/SPE/93002

RDO5 CGE 1S-20029950

RDO6 CE 1S-2285780

RDO7 CE 1S-3267400

RDO8 GE |S-3267402

RDOS GE | S-3267401

RD10 GE | S-2295546

RD11
RD12  OPS-MN-310-m

RD12 EPS/GRE/REQ/93002

RD14 TBD
RD15 TBD

Specific requirenents for HRPT and LRTP

and Encryption for METOP.

Satellite System Requirenents
(Annex A of
| nstrunent

Interface Control Documnent

IASI Instrunent Data List

Uni que I nstrunent
Specification for

I nterface
AMSU- Al

Uni que I nstrunent
Specification for

I nterface
AMSU- A2

MHS Interface Specification

Uni que I nstrunent
Specification for

I nterface
AVHRR- 3

I nterface
H RS- 3

Uni que I nstrunent
Specification for

Uni que I nstrunment
Specification for

I nterface
SEM

Uni que I nstrunent
Specification for

I nterface
DCS- 2

Uni que I nstrunent
Specification for

I nterface
SARP

Uni que I nstrunment
Specification for

I nterface
SARR

ScaRaB Data List
Qperation Facilities Docunent

EPS Ground Segnent
Speci fication

M MR Data List

Techni cal

ASCAT Data List
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RD16 TBD OM  Announcenent of Cpportunity

Cl.4 STANDARDS

SDO1 PSS-04-103 Tel emetry Channel Coding Standard

SD02 PSS- 04- 101 ESA Packet UWilisation Standard

SD03 PSS- 04- 105 ESA RF Mdul ation Standard

SD04 PSS- 04- 104 ESA Ranging Standard

SDO5 PSS- 04- 106 ESA Packet Telenetry Standard

SD06 PSS-04-107 ESA Packet Tel ecommand Standard

SDo7 PSS-04-108 Advanced Obiting Systens, Network and

Data Standard
SD08 PSS- 04- 151 Tel econmand Decoder Specification

Cl.5 DOCUMENT STRUCTURE

This docurment has the follow ng structure:

. Chapter 2 describes the conmmunication |inks (S-band, X-band and
direct broadcast links) using the concept of |ayer hierarchy
defined in spo7.

g
° The application processes for S-band Telenetry and Tel econmand are
described in the Tel ecommanding and Monitoring chapters (3 and 4).
° Chapter 5 lists the operational requirements on the satellite and
the payl oad.

Conpl enentary information on the spacecraft (orbit paraneters...) and
ground system requirenments shall be found in ADC2 and RD13.

This Interface Docunent does not take S&R and DCS links into account.
C | . 6_GENERAL REQUIREMENTS

The power flux density generated by the satellite at the surface of the
earth shall be in accordance with the Radio Regulations Article 28,
Section 4.

Provision shall be made to keep the out of band spectral conponents
falling in the Radio Astronony Bands and in the Deep Space Network Band
within the linit specified in the COR Report 224-7, 1990 and the CCSDS
reconmmendation, CCSDS 401 (XX) R-I, April 1989.

The satellite link budgets shall be produced in accordance to the ESA
PSS-04-105.

The satellite shall be designed in order to guarantee the follow ng
margins in every link budget:

- 3 dB on nomnal paraneters
-1 dB for worst case paraneters
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c2. LINKS REQUI RENENTS
C2.1 OVERVIEW

The METOP satellite comunicates with GS facilities by means of four
links: two of them for data broadcast - LRPT in VHFand HRPT in UHF -
one for data dump in X-Band and one for TT&C in S Band.

The EPS Gound Segnent conprises a high northern latitude nmain CDA
station (Kiruna shall be used as the design case) perfornmng the conmmand
and control of the METOP satellite during noninal operation (TM TC and
ranging) and acquiring the satellite X-band recorded science data. During
nom nal operations, the use ofKiruna shall allow 10 visible orbits per
day of a maxi num duration of 11 minutes.

The nmain CDA station is conplenmented by a backup CDA station on another
northern european side (e.g. Tromso, Svalbard -tbe) having the sane
facilities. The acquisition of global science data for orbits which are
not covered by the european CDA stations is performed by the NOAA Gound
Segment CDA station of Fairbanks or Wallops (Glnore). In a simlar way
the acquisition of NOAA satellites' blind orbits is made by the EPS

QG ound Segnent part of the same global support for the reception and
exchange of data from the norning and afternoon polar nissions.

As option, the ground segnment shall be considered conposed by a single
ant enna tI)_ocat ed in Svalbard (78.22N, 15.45 E) which allows a data dunp
every orbit.

The TTC subsystem performs telenetry and tel ecormmand conmunication
between the METOP satellite and the ground, and supports 2 ways doppler
tracking and ranging of the METOP satellite by the ground.

The two EPS CDA stations will be conplenented by an existing european TTC
network for mission phases or activities which require additional TTC
coverage such as LEOP, orbit manoeuvre and in case of non-noni nal
operation.

C. 2.2 INSTRUMENTS DATA ACQU SITION AND DI STR BUTION

The Payl oad Data Handling subsystem acquires CCSDS packetised data from
each instrunments and multiplex these data into the HRPT, LRPT and d obal
Data stream

Table ¢.2.2/1 summarises the instrunent packetised data rate and the
distribution service through the three I|inks.

Instrument Global Data HRPT Q HRPT I LRPT

(Kbit/s) (Kbit/s) (Kbit/s) (Kbit/sec)
IASI 1504.200 1504.200 - -
MHS 3.840 - 3.840 3.840
ASCAT 45.000 - 45.000 -
MIMR 100.000 - 100.000 -
OMI 50.000 - 50.000 -
SCARAB 3.000 - 3.000 -
AVHRR 621.540 - 621.540 -
High
resolution
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AVHRR 33.300 -~ - 33.300
Low
resolution
AMSU Al 2.108 - 2.108 2.108
AMSU A2 1.148 - 1.148 1.148
HIRS 2.896 - 2.896 2.896
DCS 2.574 - 2.574 2.574
HK Data 4.000 - 4.000 4.000
Administratio 1.500 - 1.500 1.500
n messages
Encryption - tbd tbd tbd
messages
Tot al 2370.906 1504.200 837.606 51. 366
(w/o .
encryption
messages)
Over head 381. 714 242.180 134. 054 0.264
{16.1%)
Tot al 2752. 620 1746. 380 972. 460 59. 630
Table C.2.2/1
c2.3 COWWAND AND RANG NG UPLINK

SD-6 and SD-S are the applicable standards for

The Tel ecommand System follows the communication protocol
defined in SDO6.

It is organised in independent

above:

e a Packetisation |ayer

Application Process into a TC packet.
packetisation fornat

itself

® a Segnentation Layer
miltiplex them as TC segments. It

| ayer;

e A Transfer

nmechani sns

e a Coding |ayer

Wor d)

whi ch uses Transfer
including error
redundancy code)
procedure used for TC is COP-1.
Link Control

X in the Telenetry. It
Data Link |ayer;

the Tel ecommand |ink.

whi ch organises the data provided by the

providing forward error

control

CLTU (Conmmand Link Transnission Unit);

e a Physical

Chapt er
(the source data unit).
is described in chapter 3 and 4;

Franes
mechani sns
or _ARQ (automatic request

2 deals only

and services

layers providing services to the |ayer

with the

The application process

whi ch segments these TC packets,
i s equival ent

(TF) as

route and

. transni ssi on
like CRC (cyclic

Reporting is done via CLCW (

to the CCSDS Network

for retransmssion): the
mmand
to the CCSDS

i s equival ent

detection and correction using
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C2.3.1 Packetisation Layer

The Packetisation |ayer organises source data defined above into TC
packets with a packet header an error control field.

Packet Header (48 bits) | Packet Data Field (variablej
Packet Packet Packet Dat a Application Packet
id sequence I ength Field Dat a Error

control Header Contr ol
16 16 16 va.iable vari abl e 16
Packet id )
- Versi on nunber 000 (version nunber 1)
- Type . 1 (TC)
- Da}/a Field Header Flag 0 = absence;
l=presence of a header
- Application Process id t bd
Packet sequence control
- Sequence Flag t bd
- Packet name/sequence count t bd

- Data Field Header Flag

Packet length t bd

The PSS allows Packet length up to 65536 bytes but it is recommended
to limt the size to 256 bytes for operational and coverage duration
reasons.

.3.2 Segnent ati on/ Network Layer

The Segnentation/Network |ayer provides the segnentation of TC packets
which are too large for direct insertion into a Transfer Frame and
nultiplexing onto Virtual Channel.

A TC Segnent of 249 bytes fixed length consists of:

a Header: 1 bytes
a Data Field: 240 bytes

The authentification function is required.

.3.3 Transfer/Data Link Layar

The Transfer |ayer provides the error free data transfer: forward
error correction and synchronisation. Each TC segnent is enbedded in a
TC Transfer Frane.

A Transfer Frame is conposed of:

a Frame Header: 5 bytes
a Frame Data Field: 249 bytes
a Frame Error control Field: 2 bytes

C2.3.4 Coding Layer

The coding layer provides forward error correction capability as well
as synchronisation services at the receiving end.
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TC frames are sent to the coding layer and enbedded/encoded into CLTU
d(Oorrman.d Link Transmssion Unit) which is the Coding |ayer protocol
ata unit.

A CLTU is made of:

e a 16 bit Start Sequence which marks the beginning fo a CLTU (sync
service) = HEX 'EB90’

e one or nmore TC blocks of 8 bytes (with 7 bytes of information
followed by an error control field ofl bytes)

e a Tail sequence of 8 byte which narks the end of the CLTU.

C2.3.5 Physical Layer

TC uplink shall be possible via the nomnal TC S-Band. Link budget
shall be conputed for a slant range up to 3000 km

The applicable standard is SDO3

carrier frequency: TBD in the 2025 -2110 MHz band

pol arisation LBCP for the earth facing antenna
and RBCP for the other antenna

axial ratio 4 aB for 0<6<90; 6 4B for
90<8<105

spacecraft GT -64 dB/K TBC

S EIRP TBD

data rate 2 kbit/s

data nodul ation NRZ- L- PSK

carrier nodul ation PM

subcarrier frequency 8 or 16 KHz (sinewave)

modul ation index 0.6 rad pk (TBD)

data quality robability of a rejected frame

etter than 107

probability ofundetected frame
error better than 10"

BER on physical channel better

than 10°®
total channel degradation 2.6 a8
carrier nmodulation |oss 10 4B
contact duration 5 « 11' per station
épectral_ mask for TC signal TBD
S radiated spurious TBD

C2.3.6 Rangi ng Uplink
The applicable standard is SDO4.

The TTC sub-system supports 2 doppler tracking with a coherent
transponder (which can also be used in non coherent node). In coherent
mode, the downlink frequency is derived from the receiver VCXO which
is phase synchronised with the uplink frequency using phase-Iock

t echni ques.

The receiver nmode - coherent or free running - is selected by ground
commands.
The ground station shall conpute the position of the spacecraft with:

e propagating epheneris;

e pursuit data using doppler neasurements on the receiver carrier
frequency to estinmate the relative speed of the satellite when the
satellite transponder is used in coherent node;

e ranging code acquisition and tracking.
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Earth to space link requirenments (from SD04 and SD03)

Tone frequency range 100 kHz-1.5MHz

code length t bd

Mbdul ati on schene PCM/PSK/PM

Tone nodul ation index 45° (anbiguity resolution) or
28° (neasurenment phase)

carrier nodulation index C|i2 rad peak noninal ranging
only

C.4 ™ AND RANGING DOWNLINK

SD01 and SDO5 are the standards applicable for the TM Iink.
C2.4.1 Packetieation Layer

The Packetisation |ayer organises source data into IM Source Packets
with a packet header and an error control field.

TM source packets format is as follows:

Version | Packet | Packet Packet | Packet Sour ce Error
No id sequence | data secondary | data control
= 000 control length | header field

) opti onal
Packet Primaty keader (6 Myites)

6 bytes vari abl e 2 bytes
Packet id
- Versi on nunber 000 (version nunber 1)
- Type . 0 (T™M)
- DaYa Field Header Flag 0 = absence;
_ _ _ 1 = presence of a header

- Application Process id t bd
Packet sequence control
- Sequence Fl ag t bd
- Packet name/sequence count t bd
Packet length t bd

The PSS allows Packet length up to 65536 bytes but it is recommended
to limt the size to 10000 bytes (GFsc-480-72) for operational and
coverage duration reasons.

Packet secondary header contains Unsegnent ed
Time Code for time
taggi ng.

Error control field contains CRC (tbe).

C2.4.2 Segnent ati on/ Network Layer (optional)

The main functions are segnentation of packets in order to allow
encapsul ation into Transfer £rame (data link layer) and multiplexing
allowing different sources of TM packets to be multiplexed on the same
data link. Segnentation applies on the Source data field only. No
encryption service is required on the Housekeeping TM downli nk.
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The output is a TM Source Packet Segnent.
C2.4.3 Transfer/Data Link Layer
The Transfer |ayer provides mechanisms for the optimal transnission of
transfer frames: it contains spacecraft identification, sequence
control, flow control, error detection and recovery procedures.
The output is a TM Transfer frame:
—————— — —___  __— — —— ———— — —
Transfer Franme primary header (6 octets)
Ver si on Transf er Mast er Virtual Data Field
No 00 frame id channel channel status
count count
T F secondary Data Field Qperat i onal Frame error ‘
Header Application control field control field
dat a data :
(up to 64 bytes | variable 4 bytes 2 bytes  1
C.4.4 Codi ng Layer .
No coding required. ~ )
C2.4.5 Physical Layer

The applicable standard is $sD03

carrier frequency:
frequency ratio {£./Egom)
pol ari sation

axial ratio
spacecraft EIRP
Gound Station GT
data rate

data nodul ation
carrier nodul ation
subcarrier frequency
nodul ati on index
required BER
total channel

degradati on
maxi mum PFD

spectral

C.4.6

mask for TM signal
Ranging Downlink

The applicable standard is SDO04.

TBD in the 2200 - 2290 MHz band

221/240

LHCP for the earth facing antenna
and RHCP for the other antenna
4 dB for 0<6<30; 10 @B for
90<8<105

-24.6 dBW TBC

TBD

4096 bit/s TBC

NRZ- L- PSK

PM

65.536 KHz (sinewave)

1 rad pk TB

10°¢

1.5 dB

-154 dBW/m?e4KHz for 0<b6<5

-154 + 0.5 (5-5) dBW/m?e4KHz for
5<6<2S
-144 dBW/m?e4KHz for 25<6<90

TBD
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c2.5 GLOBAL DATA DOWNLI NX ( X- BAND)

The Qdobal data link follows the CCSDS standard for Network and data |ink
| ayers as defined in SDO7, it is coherent with AD- 2.

c2.5.1 Application Layer

The following application id will be provided on the GDL as a ninimm

(excluding platform paraneters) ; they will be associated to dedicated
VeoU i d:
APPLICATION API D ve id
dousekeeping data: administrative nessages 0 0
Housekeeping data: conmanded nenory dunps 1 0
Housekeeping data: non-nominal realtine telenetry 2 0
Housekeepi ng data: extended history data 3 0
Housekeeping data: nominal realtine telenetry 4 0
Housekeeping data: orbit and attitude data 5 0
Housekeeping data: ancillary data (tbd) 6 0
Instrument data: MHS 34 12
Instrument data: DCS-2 35 3
Instrument data: HIRS/2 38 3
Instrument data: AMSU-A1 39 3
Instrument data:  AMSU- A2 40 3
Instrument data: AVHRR Hi gh Resolution (one Apid 103 9
for all channels)
Instrument data: AVHRR Low Resolution (3 of 5 71...75 5
channel's; one Apid per spectral
range)
Instrument data: AVHRR telenetry data 76...80 5
(3 channels; one Apid per
spectral range)
Instrument data: IASI 128 10
Instrument data: ASCAT t bd 15
Instrument data: MM t bd 17
Instrument data: OM t bd 18
Instrument data: ScaRaB t bd 22

The secondary header is used with all APIDs. The secondary header is a
time stamp, formatted as a CCSDS unsegmented time code, resulting in a
length of 48 bits.
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Application Data Rates
The subsequent table provides an overview of the data rates for al
APIDs. It contains: the overall size of one source packet (CP_sDU) the
nunber of source packets forming one data set. The source packets

bel onging to one data set

sequence fl ags.

Al data sets except

APID O are repeated one or

are logically connected with help of the

nore tines every eight

seconds. APID O data appears at a reduced repetition rate which is
once per 64 seconds
API D Packet Nunber of Number -of Not es
si zel packet s data sets
byt es per data per 64
set seconds
_._— e —
0 1038 1..8 b number of packets may
vary depending on
operational
requirements; budgetary
estimate: 4 packets per
data set
1 431 1..26 variable one of the APIDs 1,2,3
will be used at a time
2 431 1..26 variable see APID 1
3 431 1..26 variable see APID 1
4 266 1 64
5 86 1 64
6 526 1 8
34 1280 1 24
35 2574 1 8
38 2894 1 8
39 1054 1 16
40 574 1 16
103 12928 3 128
tbd tbd tbhd tbd Climate Instrument Data
128 5014 1 2400
71...75 970 1 256 AVHRR Low Rate data:
each set contains data
of one channel
76...80 20 1 4 AVHRR telemetry data:
each set contains data
of one channel
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C2.5.2 Network Layer

The network layer is represented by the path layer defined for
CCSDS advanced orbiting systens.

The CCSDS path service data unit (cp_Sbu) is directly forwarded
through the network |ayer as CCSDS path protocol data unit

(cp PDU). The path layer shall generate the correct VCDU-I1DS upon
forwarding CP_PpDus to the multiplexing service on the transmtting
side of the communication |ink.

The VCDU-1D is a data structure of 14 bits length, consisting of a
spacecraft identifier (8 bits) and a virtual identifier (6 bits).

Spacecraft identifiers are assigned as follows:

Spacecr af t Spacecraft ldentifier
METOP1 [TBD]
METOP2 {TBD]

The virtual identifiers are given in 2.4.1. Note that one additional
virtual channel (63) is used by the data link layer for addressing
fill vcpus.

The application process identifier (APID) included in the CP_SDU is
used as path id.

The cp_PDU structure consists of a packet header {6 bytes in length),
a secondary header and a source data field followed by a two octet
packet error control field.

Exi stence, structure, and length of the secondary header nay depend on
API D and ni ssi on.

The source data field is variable in length. The length of secondary

header plus source data field must be an even number of bytes, not
exceedi ng 9998.

The packet error control field consists of a cyclic redundancy

%:helcgsum (CRC), conputed over the prinary header and the source data
ield.

Segmentation shall be used when one set of application data does not
fit into one maximum size source packet.

The elements of the packet header are as follows:
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version set to O to specify version -1 CCSDS packet

type set to 0

secondary header flag [set to 0, to indicate that no secondary
header is present

set to 1. to indicate that a secondary
header is present

APl D see 2.4.1

sequence flags set to 3, if the source data field contains
one unsegrmented application data
set;

set to 1, if the source data field contains
the first segment of one segmented
ﬁpllcatlon ata set extending

rough subsequent packet(s) :

set to 0, if the source data field contains
a continuation segnent of one
application data set still
extending through subsequent
packet (s);

set to 2, If the user data field contains
the last segnment of an application
data set beginning in an earlier
packet .

packet sequence count sequential count nodulo 16384, nunbering the
packets on the specified |ogi cal data pat h
specified by the APID.

packet |ength length of secondary header, source data
field, and packet error control field in
octets mnus 1. All odd values between 3 and
9999 are all owed.

C2.5.3 Data Link Layer

The data link layer is inplemented by the space link of the space |ink
subnetwork specified by CCSDS for advanced orbiting systems. It
consists of two sublayers:

e virtual channel link control (VCLC) sublayer
e virtual channel access (VCA) sublayer

The Gobal data link is designed as a Gade-2 service, i.e.
transmssion will be error controlled using Reed-Solonon coding.

The VCLC sublayer receives CCSDS path protocol data units (CP_PDU)
from the network layer, whereas the VCA sublayer forwards the physical
channel access protocol data unit (PCA_PDU) to the physical |ayer.

The data link layer provides by neans of the VCLC sublayer the
mul tiplexing service to its user, the network |ayer.

The VCLC sublayer provides the nultiplexing service only. Wth each M-
SDU the virtual channel is addressed by its VCDU-ID. Data from various
packet channels addressing the same VC may be nultiplexed into one
M_PDU.
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The VCLC sublayer uses the virtual channel access service of the VCA
subl ayer, the generated M_PDUs are forwarded as VCA_SDUs together wth

the VcDU_ID.

The structure of the M)PDU consists of a header (2 bytes) and a packet
zone (882 bytes) into which the M_sSpus for the actual VC are inserted.
The conponents of the M_Ppu header are defined as follows:
spare for future use, set to all zero -
first header contains a binary count P (0...2047)
poi nt er identifying the offset (in bytes) bet ween the
begin of the M PDU packet zone and the first
M_SpUu header (i.e. M _SDU #k) therein. If the
packet zone does not” contain any M _SpDU header
at all (e.g. if a M_sDu spans over three or
more M_PDUs) then P7shall be set to all ones
(i.e. 2047)
The M_ppu packet zone contains variable length M-spus, each of them
being a CCSDS version-1 packet. The first and th last packet in the
M_PDU ZOne are notnecessarilycomplete. The M _PDU packet zone may

contain a part of a single MSDU only.

In case that a partly generated M _PDU cannot be conpleted since no
nore M_spu is available for the related virtual channel, a fill packet
can be generated to conplete the M_PDU.

The VCA sublayer provides the virtual channel access service and the
insert service only. The VCA sublayer generates the physical channel
access protocol data unit (PCA_PDU)

The virtual
virtual channel
of the channel
synbol s.
channel

channel procedures are functions required to generate

data units (vCpus) from vCA SDUs and vice versa. One
access procedures is to handle Reed- Sol onon check

A VCDU with attached check synbols is called coded virtual
data unit (cvcpo).

The elements of the CVCDU are as foll ows:

VCDU primary contains a six byte header structure.
header
VCDU insert zone contains one IN-SDU having a length of 2 bytes,

set to 0000

contains one VCA-SDU in case of a valid VCDU or
all zeros in case of a fill VCDU, the size of
this field is 884 bytes.

contain Reed-Sol onon code (255,223) encoded
check symbols, calculated over the PCDU prinmary
header and the VCDU data unit zone.

VCDU data unit
zone

Reed- Sol onon check
symbol s
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The VCDU prinmary header consist of the follow ng elenments:

versi on nunber set to 1 specifying version-2 CCSDS structure

VCDU- I D virtual channel data unit identifier as
specified by higher layers consisting of
spacecraft 1dentifier and virtual channel
identifier, set to 63 for fill VCDUs.

VCDU count er sequential count (modulo 16777216) of VCDUs on
each virtual channel

signalling field set to O specifying realtine VCDUs

The insert service data unit (IN_SDU) is a fixed length data structure
having a length of 16 bits (2 bytes). IN_SDU shall be set to all

zeros. It is used for encryption purpose on the direct broadcast
services. There is no encryption of the recorded data Iink.

Each commtated sequence of cvcbus is converted into a sequence of
channel access data units (CADUs). For this purpose each CVDU is
random zed first and preceded by a synchronisation marker then.
Random sation is perforned by multiplying all 8160 bits of the CVCDU
with a statically defined pseudo-noise pattern. The pseudo-noise
sequence is generated by nmeans of the follow ng polynomal:
hix) = x* + X' + x5+ x' + 1.

This sequence repeats after 255 bhits and the sequence generator has to

be started from an all-ones state. The resulting PN pattern begins
with (hexadeci mal) FF48QECO09A...

The synchronisation marker is defined to be 1AaCFFCiID (in hexadecimal)
{(tbd) which describes a 32 bit pattern to precede each CVCDU.

Each CADU has a length of 8192 bits.

The platform will prepare an auxiliary data VCDU containing
Housekeeping data (512 bytes) and ancillary data (128 bytes) - and
fill data- to be sent every second (tbc).

C.5.4 Physi cal Layer

carrier frequency band 7.75 - 7.90 (TBC depending on the
nmet eorol ogi cal allocation during WARC
97)

carrier frequency 7.8 GHz TBC

pol ari sation RHCP

axial ratio TBD

El RP such to insure a constant flux at the

G S during visibility period; to be
optinised taking into account coding
and bit rate
maxi mum PFD -150 dBW/m?e4KHz foOr 0<b6<5
-150 + 0.5¢(5-5) dBW/m*e4KHz for 5<6<25

-140 dBW/m?e4KHz for 25<6<90

modul at i on hard keyed QPSK or DEQPSK
data rate 50 Mit/s (TBD)
codi ng Reed- Sol omon or Reed - Sol onon

concatenated with convol utional
(Viterbi 7, 1/2)
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required data quality 10°¢

(Frame | oss probability)

on-board technol ogical loss 1 dB .

visibility period {Kiruna > 539 s for 5 deg. elevation angle

and Fairbanks/ Val | ops) )

visibility period (svalbard) > 387 s for 5 deg. elevation angle

The spectral mask for
occupation shall

C2.5.5 G ound Segnent

The following G S characteristic shall

@S figure of nerit
pointing |oss

the X-Band signal is TBD. Radio frequency
be m nim sed

be consi dered:

32 dB8/K at 5 deg. elevation
TBD

axial ratio 1 dB

total technol ogical 2.5 dB

degradation in the down Ilink

The attenuation due to atnospheric phenonena, i.e. rain, clouds, gas,
scintillation, which is not exceeded for 99,9% of the time shall be
consi der ed.

kl):olr the GS of Kiruna, the foreseen attenuation is reported here

el ow.

Satellite elevation (deg.)
Attenuation (dB)
C2.6 HRPT (UHF)

Wiile the exact

Whi definition of
joint docunent,

not issued yet),

5 10 20 40 60 90
2.5 TBD TBD TBD TBD TBD

the BRPT is contained in ADOl (ESA/EUMETSAT
the requirements on the physical

l'ink

are reported here for conpleteness.

C2.6.1 Physical Layer
slant range
carrier frequency band

centre frequency

centre frequency (back up)
carrier uncertainty

bandwi dt h

pol ari sation

axial ratio

El RP

maxi num PFD

modul ati on

data rate | channel

data rate Q channel

I/Q power ratio

codi ng

encryption )

required data quality

(Frame | oss probability)
on-board technol ogical 1oss

up to 3000 km

1670 - 1710 MHz

1707 MHZ

1701 MHz.

+ 2010°°

4.5 MHz

RHCP

4.5 dB

such to insure a constant flux at the
G'S during visibility period,
compatible with Iink budget

-154 dBW/mPe4KHz for 0<6<5

-154 + 0.5e¢(56-5) dBW/m?e4KHz for 5<5<25

-144 dBW/m?e4KHz f Or 25<6<90
-133 dBW/m?el.5 MHz,

(from 1670 to 1700 MHz)
UQPSK  NRZ- L

1,500.0 Kbit/s

2,000.0 Xbit/s

3/4

Reed- Sol onon

according to ADOl

10°¢
1 dB
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The spectral mask for the HRPT signal is TBD. Radio frequency
occupation shall be mnimsed
C2.6.2 G ound Segment

The following characteristics for a Gound Station |located anywhere in
the world shall be considered

GS figure of nerit 6.5 dB/K at 5 deg. elevation
pointing |oss 0.5 @B

axial ratio 4.5

total technol ogical

degradati on

in the down link 2.0 @B TBC

At nospheric and ionospheric effect on the transm ssion channel shall
be considered. These vary with the @S location, the relative position
of the S/C and the service availability. lonospheric effects have also
early, seasonal, daily and hourly variations.

%’he Iink degradation due to atnospheric and ionospheric attenuation,
as well as Tink inpairnments due to group and tinme delay, dispersion
and ionospheric scintillation, shall be reflected in the |ink budget
considering a link availability of 99.8% of the average year.

C2.7 LRPT (VHF)

Wiile the exact definition of the LRPT is contained in ADOL (ESA/EUMETSAT
joint docunent, not issued yet), the requirements on the physical |ink
are reported here for conpleteness.

c2.7.1 Physi cal Layer

sl ant range up to 3000 km
carrier frequency band 137 - 138 MHz
centre frequency 137.1 MHz

centre frequency (back up) 137.9 WMHZ.

carrier uncertainty + 201075

bandwi dt h 150 kHz

pol ari sation RHCP

axial ratio 4.5 @B

El RP compatible with link budget
modul ati on BPSK NRZ-L

data rate 72 Kbit/s

codi ng Reed- Sol onon
encryption according to ADOL
required data quality

(Frame |oss probability) 10°¢

on-board technol ogi cal |oss 1 dB

The spectral mask for the LRPT signal is TBD. Radio frequency
occupation shall be nininised

C2.7.2 G ound Segment

The following characteristics for a Gound Station l|located anywhere in
the world shall be considered

@S figure of nerit -22.4 dB/K for elevation greater than 5 deg.
&30.4 dB/Kfor el evation greater than 13
eg.

pointing |oss 0 dB

axial ratio TBD

total technol ogical
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2.0 g8 TBC
shal | be considered.

the relative position of the S/C

seasonal, daily

ue to ionospheric

as link inmpairnents due to group and tine delay,

shal |

be

refl ected
considering a link availability of 99.8% of the average

in the

The METOP satellite operational
conpl i ant

C.2

with ADO2.

commandi ng

requirenents shall

be

[ NSTRUMENTS SPECI FI C OPERATI ON REQUIREMENTS

CGeneral ly,
determined on ground and uplinked to the satellite by tel ecommand.

coefficients for

on- board

radi onetric correct

ion shall be

Met i nstrunent
Instrument | operations Software Specific Volume of
during non- | unload operational operation per
operational requirements orbit/per day
modes in nominal
AVHRR (1) NA (tbc) decontamination | day/night
commanding
HIRS (2) no thd calibration
commanding
MHS (3) facility thd none
available
AMSU-A (4) no tbd none
SEM (5) no no tbe none
DCS (6) no no none
S&R (7) no no none
VIRSR (8) thd self calibrated | tbd
IASI (9) yes decontamination | tbd
(1) AVHRR operations during non operational nodes (notor running
during LEOP or safe nodes)
(2-8) t bd.
(9) IASI shall require software unloads; coefficient for onboard
radionetric correction shall be determined on ground and uplinked

to the satellite by tel ecomand.
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The nunber of instrunents paraneters are given bel ow

Instrunent nunber of | ™ measurement points (analog / digital)
| commands

AVHRR 30 22/15
H RS l 26 16 / 14
MHS 35 59
(delivers housekeepi ng packets
size of 80 bytes)

AMSU Al 14 27 / 11
AMSU A2 13 15 / 10
SEM 13 13 / 9
DCS 23 10 / 13
S&R 21 ’ 31 / 18
VIRSR t bd t bd

IASI thd tbd

G her _instrunents

I nst rument operations Sof tware | Specific Vol une  of
during men- | unl oad operation operation per
oper at i onal requirenents orbit/per day
nmodes
— ]
ASCAT no t bd t bd t bd
M MR no t bd t bd t bd
oM no t bd t bd t bd
ScaRaB no t bd t bd t bd
I nst runent nunber of cowmands nunber of
measur enents points
ASCAT t bd t bd
M MR t bd t bd
AATSR t bd t bd
oM t bd t bd
ScaRab t bd t bd

c4.  MONLTORI NG

The METOP satellite operational nonitoring requirements shall be conpliant
with ADO2.
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C5. OPERATI ONS
C5.1 mMETOP M SSION PHASES DESCRI PTI ON

During its lifetime in orbit, the METOP operates during a number of
m ssions phases defined in ADO2.

The ground stations used for LEOP are belonging to the ESA Network (tbc)
compl emented by the US network; they are Kiruna, Kourou, Malindi, Perth,
Maspal omas, Villafranca and Fairbanks (tbec) Santiago (tbec). Stations
characteristic are further described in RD12.

In the Routine Phase, METOP will be controlled from Kiruna Gound station
(tbc) which will ensure ranging and doppler analysis for orbit prediction
and restitution.

A typical nominal operation sequence shall be applied during a pass over
Ki runa.

1. carrier acquisition and tracking

2. synchronise on S-Band fornat

3. receive and nonitor several real tine formats, evaluate spacecraft
paraneters, and correlate onboard to ground tinme

4, send command to request satellite report formats

5. send commands to reset history areas

6. send payl oad operation timeline and software |oads (as mcwmp)

1. perform S-Band ranging.

During this phase, the ground segnent shall perform

e Obit conputation.

e Obit prediction for the local users and for the generation of
commands related to orbit control (in plane and out of plane
nmanoeuvres, low drag / air drag monitoring node time, inclination
drift, eccentricity control, ground track control . ..)

C5.2 SATELLITE GCONTROL

The satellite control aspects are defined in ADO2.
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MANAGEMENT _REQUI REMENTS & TASKS

D1.1 SCOPE AND APPLICABILITY

This section stipulates the managenent requirenents to be followed by the
Contractor during the Phase B. The objective is to ensure adequate
interfacing with the Agency, so that plans and other established
baselines are followed and updated and so that sufficient visibility is
provided during the Contract execution. These requirenents cover the
relationship and interfaces between the participants in the project, the
communi cation channels and the requirements for technical, docunentation
and schedul e control.

The Contractor nust ensure that his subcontractors conply as necessary
with these requirements in order that the Contractor shall fulfil his
comitments to the Agency. The managenment requirenents applicable to
Phase C/' D shall be issued by the Agency as part of the Phase D ITT.

D1. 2 GENERAL MANAGEMENT REQUI REMENTS

The Contractor shall establish a Project Managenent O fice which shall
monitor all technical and commercial activities of the Contractor's
effort and provide the direction necessary to acconplish the project.

The Contractor shall inplenent and operate a Project Management System so
that all project requirenents shall be met in a timely and cost effective
manner. In particular the system shall provide visibility of the total
project effort and provide neans for nonitoring the execution of all
tasks. 1t shall be capable ofdetecting potential, as well as existing
problems and to provide possible solutions such that appropriate
corrective action can be taken.

During the Phase B the Contractor shall reissue the Phase B Managenent
Plan for Phase C/ D.

Dl. 3 QRGANISATION & | NTERFACE
D1.3.1 Responsible Oficers of the Agency

The Agency's Project Manager
is the primary representative of the Agency concerning the
execution of the project and is responsible for all pertinent
managenment functions. He shall ensure the performance of the
Agency's undertaking and liaise with all parties involved in the
project. He has full authority to carry out these functions.

The Agency's Contract‘s Oficer
as representative of the Contracts Departnent is responsible for
all legal and contractual aspects of the Contract. He assists and
advises the Project Manager I1n all natters having legal or
contractual inplications during Contract negotiations and
Contract execution.

Authority for Signature
Fornmal communi cations concerning the project, which are not
signed by the Agency's Project Manager (or duly appointed
ReP_resentative) and for contractual natters by the Contracts
Oftficer, shall not be binding on the Agency.
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D1.3.2 Responsible Officers of the Contractor

The Contractor's Project Mnager
is responsible for the execution of the Contractor's tasks under
the Contract. The Contractor shall not initiate the replacenent
of the Project Manager without prior approval of the Agency.

The Contractor's Contract's Officer
is responsible for the contractual and |egal aspects of the
project in conjunction with the Project Manager. The Contractor
shall not initiate the replacenent of the Contracts Oficer
without prior approval of the Agency.

Authority for Signature
Formal communi cations raised by the Contractor concerning the
project and not signed by the Contractor's duly appointed
representatives shall not be considered by the Agency as binding
on the Contractor.

D1.3.3 Del egation of Authority

Responsi bilities described above nmay be delegated to other designated
of ficers. Such delegation shall be notified in witing to the
Contractor or to the Agency on a case by case basis.

D1.3.4 Communication Channels

Contact between the Agency on the one hand, and the Contractor and his
Industrial Goup on the other, shall be channelled as outlined in the
contract. Failure to conply with this requirement shall render the
Contractor responsible for any consequences.

Formal Communi ca tions
are defined as the exchange of information which affects the
techni cal standards, deliverables, time schedule, costs or any
other relevant aspects of the project that inpacts the contract.

D1.3.5 Cor respondence

Correspondence shall be addressed as stipulated in the Contract.
Urgent correspondence shall be transmitted by neans of TELEFAX.

Note that the Agency uses "Kalle-Infotec" (International Standard
LEVEL 3) as telefax standard. The deploynment of conpatible equipnent
is required from the Contractor.

Al project correspondence shall have a unified reference system to be
inplemented by all nenbers of the industrial consortium Unless
otherwi se proposed by the Contractor, the reference will take the form
VV-XXX-YYY/ZZ where is the Project Identifier (e.g. MO for METOP},
XXX is the Conpany Identifier (e.g. ESA), YYYY is a sequential nunber
(e.g. 0001) and ZZ is the year (e.g.95).

D1.3.6 Language

Apart from the Contractors' and Sub-contractors' internal working
docunents, all other METOP project documentation shall be witten in
English. Al deliverable documents listed in the DRL shall be in
Engl i sh.
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D1.3.7 Contractor's Organisation

The Contractor shall nom nate a project team and convey to the Agency
the names of his key personnel. ormal conmmuni cations as defined above
will take place between the respective responsible officers.

D1.4 TECHNICAL MONITORING & CONTRO

The Agency shall nonitor the Contractor's performance and exercise
technical control over the Contractor. This will be done in particular by
hol di ng progress neetings and nilestone reviews, as defined below, and
checking and anal yzi ng docunentati on.

DL1.4.1 Ml estone Reviews & Meeting6

As part of the technical and cost nonitoring process for all projects,
the Agency requires that formal M| estone Reviews be performed at key
stages of the work. Each review will deternmine the conpatibility of
the existing technical status with originally-specified requirenments,
and will also exanine plans, specifications and procedures for future
work in order to provide confidence that the specified requirenments
will be nmet within the defined cost envel ope.

Revi ew packages shall be available at ESA. The docurments which are
part of the review package are defined in the DRL. It is the
responsibility of the Contractor to prepare for, support and provide
facilities for such reviews, when held at the Contractor's prem ses.
In particular, the Contractor shall provide meeting roons and |ogistic
support, technical presentations of status, an adequate staff support
to pernmit all questions raised during the review to be fully

di scussed.

M1 estone Reviews shall be held at the tines and places defined in
section 2.5 of the SSOW During Phase B, in addition to the Kkick-off
meetings and reviews, progress neetings on managenent and technical
aspects shall be held at six weekly intervals.

In addition, the Contractor shall arrange, as appropriate, progress
nmeetings with his major sub-contractors. The timing of these meetings
shall be related to the system |level progress neetings. The Agency
shall be advised of, and have the right to attend, these neetings.

D1.4.2 Audits

At any tinme, the Agency has the right to conduct special audits as
stipulated in the Contract. In particular, the Agency may conduct
progress audits at the premses of the Contractor or any Contractor or
supplier to assess the progress and the schedul e status.

ESA may perform Product Assurance Audits during Phase B.
D1.4.3 M nut es

If not otherwise specifically requested by the Agency's
Representative, the Contractor shall wite the mnutes for all
meetings and reviews. At the neetings and reviews the results of and
the actions arising from each neeting and review shall be briefly
recorded, signed by the Authorised Representatives of each party and
distributed. The signature of such mnutes indicates solely that the
wording is correct and properly reflects the outcome. Such signature
shall not be construed as a contractual agreement. Any matter having
contractual inplications shall be referred in witing to the Agency's
Project Manager and Contracts Oficer for review and approval.
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Dl1.4.4 Peri odi ¢ Progress Reports

6weekly progress reports shall be nade available at ESTEC
The nunber of copies is defined in the DRL.

D1.4.5 Meeting Cal endar

The Contractor will mintain, and '_i ssue at 1 nonthly intervals a
nmeeting cal endar showi ng date, subject, location and planned

participation ofall project neetings in which the Contractor is
I nvol ved.

DL.5 I_NEORVATI ON MANAGEMENT

The Contractor shall ensure the generation, timely delivery and

mai nt enance of all documentation asspecified in the Documentation

Requi renments List.

In addition to the DRL, the Contractor shall nake available, on request,
a copy of any project-relevant document which has been generated.

D1.5.1 Docunent ati on

The Contractor shall operate a project-centralised docunmentation
sKstemto fulfil the information requirenents of the project.

The docunentation system shall be capable of providing up-to-date
information on all aspects of the project, at all tines. Project
participants shall have quick and easy access to this information. The
docunentation system shall, in particular, serve as a reference for
technical interfaces and for introducing and executing all project
modi fications. The project documentation centre shall be equipped with
effective and reliable neans for the reproduction and transm ssion of
docunments. Al docunents shall be easy to handle and be such as to
provide rapid and conprehensive information on the project.

The Contractor shall grant access to the documents If so required by
t he Agency.

a) Docunentation ldentification and Referencing

The Contractor shall ensure documentation consistency. The
Contractor shall ascertain that all project docunents carry a
heading with the name of the project followed by the docunent
description and an identification code. The identification code
will be unified with all menbers of the METOP industrial
consortium Unless otherwise proposed by the Contractor, the
idenfication code wll take the form WWXXX-WZzZZZ where W
is the Project Identifier (e.g. Mo for METOP}, Wis the docunent
type (e.g. TN for Technical Note), XXX is the Conpany Identifier
(e.g. ESA), YY is the subject area (e.?. SA for Satellite) and
7777 is a sequential nunber (e.g. 0001).

NOTE: The Contractor in establishing the docunentation identification
and referencing system shall disresard the DRD references in the DRL.

b) Format and Distribution

Al docunents shall be DIN A4 sired and shall be suitable for
acconmodation in loose |eaf binders (e.g. ring binders). If

di agrams, tables and other large docunents are wider than A4 sire
they shall conform as far as feasible to the standard DIN formats
and be folded to A4 size.
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O ass A docurments (approval required by ESA) shall have an
identified place for the ESA Project Mnager's signature.

Each page of every document shall be individually identifiable
with reference, page nunber, revision status and date of issue,
viz.:

.Ref.:
.Page:
.Issue/Revision:
.Date:

This information shall be typed systematically on the upper right
or left hand corner of each page of text and diagram such that

the information is always opposite the binding fixture, i.e.
visible at the outside.
\Wher e a[)propriate, introductory pages to a docunent shall include
the following items and have nunbering different from that used
for the proper text of the document.

.Front cover sheet (i)

.Distribution |i st (ii)

.Change Record sheet (i)

.Table of Contents (iv)

Pages of proper text shall always begin at |I.

Docunents submtted to the Agency shall be of adequate quality to
withstand the expected wear and tear but shall not be heavier
than absolutely necessary. The contrast between printed
information and blank page space shall be sufficient to allow
further photostatic reproduction for distribution within the
Agency.

c) Revision and Mintenance of Docunents

ESA- generated Documents
If an ESA docunent is updated during the contract it will be
either by revision or by a new issue. Revisions wll be nade
for mnor additions, deletions or changes of infornation.
Revisions may be effected by mere transm ssion of
instructions, which shall lead to a hand-correction of the
established information or they may be effected by re-
transmission of the corrected sheet. Revisions, designated by
letters A, B, Cetc, will apply to the page level, and the
essential changes will be suitably identified by marks on the
pages concerned. Revision sheets will be sent to the
recipients of the original document as specified on the
distribution list. New issues or re-issues wll be nade when
maj or changes in the scope or the text have evolved. Re-
issu)es of a docunent will be designated by nunbers (1, 2
etc.

Contractor-generated Docunents
The above procedure applies also to the Contractor generated
documents.

d) Cassification of Docunentation

Docunents shall be classified according to the follow ng
cat egori es:
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*A* Approval
These docunents shall be approved by the Contractor and Esa

prior to their inplenmentation. After approval these docunents
are contractually binding.

"R" Review
These documents shall be approved by the Contractor only,
prior to their inplementation. Inplenentation can start as
soon as errors and inconsistencies incurring ESA di sapproval
are corrected by the Contractor. Failure to conmply with these
requirements shall be at the Contractor's risk. In any event

the Contractor shall notify the Agency of his decision before
i mpl emrent ati on.

»I» |nformation
Sel f explanatory.

Docunments classified ®a" & "R" shall be processed as follows:

e Submission to ESA, after Contractor's approval, prior to
their inplenentation.

e FEvaluation by ESA, who will coment on them and notify the
Contractor within ten working days from the date of receipt
by the ESA Project O fice.

e Return to the Contractor with approval evidence for *a®
documents or wth re-submission instruction in case of
di sapproval by ESA

It is understood that the above indicative classification wll
only enter into force after conpletion of phase B.

e) Docunentation Status

The Contractor shall naintain docunentation acquisition lists of
all docunents generated, or received, indicating their present
stat us.

The Contractor shall, on a nonthly basis, supply the Agency wth
an updated list of all formal and working docunents produced
during the preceding nonth.

Dl .5.2 Terms & Definition, Acronyms & Abbreviations

The Contractor shall maintain an updated list of terms and

definitions, and of acronyns and abbreviations based on those provided
in Annex A

D.5.3 Proj ect Directory

At the Phase B Kick-O'f meeting the Contractor shall provide the
Agency with a project directory containing the following information
for each participating Firm and Establishnent:

e Tel ephone nunbers
e Telefax o
e FElectronic nmailing addresses.

For all key personnel of the Contractor & associated sub-contractors:

Names

i ndivi dual tel ephone nunbers

I ndividual telefax numbers (if appropriate)
I ndividual electronic nailing addresses.
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The Contractor shall keep the project directory up-to-date and send
revisions as necessary to the Agency.

D1. 6 SCHEDULE CONTROL
D1.6.1 Schedul e & Progreee Control Procedures

The requirenments of PSS-32, Section 4 shall apply with the follow ng
amendnent s:

e Mintenance of the Phase B networks is not required.

e The six weekly schedule reporting (as part of the progress report)
shal | be based on nilestones and bar charts. In special
circunstances the Agency nay require an update of the Phase B
pl anning documents and a bi-weekly schedule status report.

e The Contractor shall maintain up-to-date these mlestones and bar
charts, preferably in A4 format for easy transnission, conpliant
with the work breakdown structure (WBS) and associated workpackage
descriptions. At least one bar chart has to be prepared for each
L%vei 2d element of the wBs and for Level 3, if under wWBS elenents
"Payl oad" .

Revi sion of above documents shall be subnitted, if applicable, with
the monthly progress report.

D1.6.2 Action | tem Cont r ol

Gener al
The aim of the Action Item control is to provide an effective
means for ensuring that project actions are initiated, recorded,
E)erformad and rmonitored properly. . .
roject actions will nornally originate from reviews and neetings
hel d between the Agency and the Contractor.

Action Initiation Procedure
Actions initiated during neetings and reviews shall be recorded
in the mnutes. Each action shall be entered in the Action Item
Record. The Action Item Record shall identify the venue and the
date at which the action item wasinitiated. Each action item
shall show in the description colum the followi ng information:

e Brief title of action item
e Concise description

In addition, the following information shall be given:

e C(Closing date
e Actionee
e Oiginator

When a main neeting is divided into sub-groups, the sane
procedure shall be adopted by the Mnutes Secretaries appointed
to the sub-groups. The main neeting or sub-group neeting shall
not be considered closed until each page of the Action Item
Record has been signed by the Authorised Representative of the
parties involved, and each party is in possession of a copy.

Responsibility for Action & Action Item Mnitoring
Each Actionee shall report the results of his action(s) to the
Oiginator. The report shall contain the status, e.g. newy
approved/rejected/late/ new conpletion date or
conpl eted/ description of the result. A number shall be assigned
by the Contractor to each item The Contractor shall submt a
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report listing the action item status, with the nonthly progress
report.

Dl. 7 PROCUREMENT/PROPERTY CONTROL

D1.7.1 Procurement Control for Critical Iltens

Critical itens are hard- or software itens which are intended to be
procured and bear some risk with regard to delivery, schedule,
qualification status, safety, or any other criteria which, if not
properly met, would jeopardise the proper execution of the follow ng
project phases.

D1.7.2 Property Control

Property control is the nethod for handling, storing, accounting and
di sposing of property itens of the Agency.

The Contractor shall ensure property control throughout the Industrial
Goup involved in the performance of the Contract, including any other
third party who acts on his behalf or to whom he entrusts Agency
property.

Property control shall be perforned in accordance with the
requirements stipulated in the contract and, if appropriate, the
Property Control Plan submtted in the tender as nodified and/or
approved by the Agency.

The Contractor shall not change the property control procedures
without the formal agreenent of the Agency.

D1.8 CONFIGURATION CONTROL
The tasks related to configuration control are defined in 4.7 of the SOW

D1. 9 cHANGE CONTRO. PROCEDURES

For requirements covering Contract Change Procedures, refer to Appendix 3
of the contract.
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PHASE B DOCUMENTATION REQUIREMENTS LI ST (DRL)

PRQJECT MANAGENMENT

(PM)
PMI Proj ect Managem 1] 2 A 10 Re-issued for
Pl an PhaseC/D
PM 2 Progress Report | 5 6 weekly
PM 3 Mnutes of Meetings | 5 As required
?M 4 Prime Contractor's ’ R 10 For those sub-
I TT for Phase B contracts not
sub-contractors part of the
original Phase
B offer
PM 5 Prime Contractor's 1 R 10
I TT for Phase C/D
to Sub-Contr.
PM 6 Paranetric Cost
Anal ysis for Phase 1 10
C/'D
PM 7 Cost Reports R 5 As defined in
PWP
PM 8 Schedul e and Bar- R 5 As defined in
Charts PMP
PM 9 Change Notices AR| 5 As defined in
PMP
PM 10 | Monthly Meeting 5 Mont hl 'y
Pl an

Key :
PF = Prelimnary Review .
SRR = System Requirenments Review

A => Agency Approval Required
R => For Agency Review
| => For Information Only
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PHASE B DOCUMENTATI ON REQUIREMENTS LI ST (DRL)

JRD SATELLI TE SYSTEM KO |PR | SRR | CAT | COPI ES |REMARKS
REF.
35Y-1 Sat. System Techn. 21 3 | 10 Issue 1, Part
Description of Phase B
Proposal
5Y-2 Sat. System 1] 2 A 10
Requi renent Spec.
5Y-3 Sat. System Spec. 1] 2 A 10
and Plan Tree
5Y-4 Sat. System Budgets 1] 2 R 10
Document
5Y-5 Sat. System 11 2 10

Anal ysis and Trade-
of fs Summary Rep.

SY-6 In-Flight Sat. 1 A 10
System Performance
Verification Plan

SY-7 Sat. System Design 1 A 10
and Devel opnent
Pl an
SY-8 Sat. System 1 A 10
Calibration Plan
SY-9 Supporting Anal yses | 10
and Studies Docs.
SY- 10 Sat./Gound Segnent 1 A 10 Conpl ement ed/ or
I/F Definition integrated
into ESA/
EDVETSAT Doc.
Sy-11 Sat. Environm 1 A 10

Design and Test
Reguir. Spec.

SY-12 Sat. EMC/RFC 1| 2 10
Anal ysi s
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PHASE B DOCUMENTATION REQUIREMENTS L|ST (DRL)
RD SATELLI TE SYSTEM KO PR |SRR |[CAT |[COPIES REMARKS
EF.
Y-13 Sat. EMJ RFC Contr ol 1 R 10
Pl an
Y- 14 Sat. EMC/RFC and Power 1 A 10
Requi renents Spec.
Y-15 Sat. Requir. on Ariane 1 A 10 I ncl udi ng
Launcher System l'aunch
facilities
interfaces
Y- 16 Sat. Software 1 A 10
Engi neering Standards
Y-17 Sat. Software, Design, 1 A 10
Devel opnent and
Verification Plan
Y-18 Sat./GSE |/F Spec. 1 R 10
Y-19 |Sat./Test Facility I/F 1 R 10
Specs.
Y-20 | Platform Payload I/F 2 A 10
Spec. 1
[Y-21 Sat. Mech./Ther. Design 1 A 10
Requi r.
P A-22 Sat. Electrical Design 1 A 10
Requi r.
Y-23 Sat. Ceanliness Design 1 A 10
Requi r.
3Y-24 Sat. Safety Design 1 A 10
Requi r.
SY-25 Flight Operations 1 R 10 Qutline
Manual only for
Phase B
SY- 26 Satellite Sub-Systens 1 R 10
Interface Spec.
SY- 27 Frequency Pl an 1 10
SY- 28 Command and Contr ol 1 A 10
Interface Specification




PHASE B DOCUMENTATION REQUIREMENTS LIST (DRL)

Doc.No.:
Iss./Rev.:
Page:
Release

ES

Date:

MO-LI-ESA-PM-0026
1

Sept. 1994

DRD

REF.

PF-1

PF-2

PF-3

PF-4

PF-5

PF-6

PLATFORM

Platform Technical
Description

Platform Design
Specifications

Platform Sub-System
Design Spec.

Platform Equipment
Spec.

Platform Verification
& Test Plan

Platform Design and
Development Plan

KO

1 2 I
1 2 R
1 I
1 I
1 R
1 R

COPIES

10

10

10

10

10

10

e ———— ————————————————— — ———  —— —_— ___— ——_——————————— ————————————————————1

According
to Spec.
tree
proposed by
Contractor

According
to Spec.
tree
proposed by
Contractor
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PHASE B DOCUMENTATION REQUIREMENTS LIST (DRL)

DRD PAYLOAD SUPPORT | KO PR SRR | CAT | COPIES REMARKS
REF. SUB-SYSTEM
e e |
S§S-1 Payload Support 1 2 I 10
Sub-System

Tech. Descript.

S5-2 Payload Support 1 2 R 10
Sub-System
Design Spec.

$5-3 Payload Support 1 I 10 According to Spec.
Sub-System tree proposed by
Equipment Spec. Contractor

SS5-4 Payload Test & 1 R 10
Verification
Plan

§S-5 Design and 1 R 10 Note:

Development Set of docs

Plan (SS-1 to SSs-5)
required for the
following proposed
Payload or other
Support Sub-
systems:

- Structure

- Thermal Control
- Avionics

- Electrical Power

The DRD Ref. "SS" will be replaced by the sub-system codes for the individual
sub-systems e.g. Structure, Thermal Control etc.

Ssatellite level sub-systems not covered under platform shall be included.
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DRD ADVANCED SCATTEROMETER { KO PR SRR CAT | COPIES REMARKS
REF.
AS-1 ASCAT Instrument 1 2 I 10
Technical Description
AS-2 ASCAT Instrument 2 R 10
Design and Performance
Spec.
AS-3 ASCAT Instrument Sub- 1 I 10 According
system/Equipment Spec. to Spec.
tree
proposed by
Contractor
AS-4 ASCAT Instrument 1 I 10
Verification, Test,
Calibration and
Characterisation Plan
AS-5 ASCAT Instrument 1 R 10
Design and Development
Plan
AS-6 Instrument ICD 1 R 10
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DRD MULTI-FREQUENCY IMAGE KO PR SRR CAT | COPIES REMARKS
REF. MICROWAVE RADIOMETER
MI-1 MIMR Instrument 1 2 I 10
Technical Description
MI-2 MIMR Instrument Design 2 R 10
and Performance Spec.
MI-3 MIMR Instrument Sub- 1 I 10 According
System/Equipment Spec. to Spec.
tree
proposed by
Contractor
MI-4 MIMR Instrument 1 I 10
Verification, Test,
Calibration and
Characterisation Plan
MI-5 MIMR Instrument Design 1 R 10
and Development Plan
MI-6 Instrument ICD 1 R 10
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CUSTOMER FURNISHED
INSTRUMENTS

CF-1 General Instrument
Interface Control
Doc. (GICD)

CF-2 Interface Control

Document {(ICD)

for each CFI
instrument




Doc.No.: MO-LI-ESA-PM-0026

Iss./Rev.: 1 ;
Page: E10 ~
Release Date: Sept. 1994

PHASE B DOCUMENTATION REQUIREMENTS LIST (DRL)

DRD ASSEMBLY, KO PR SRR | CAT COPIES REMARKS
REF. INTEGRATION AND
VERIFICATION (AIV)
AV-1 Sat. System 1 2 A 10
Verification Plan
AV-2 Assembly, Integr. 1 A 10
and Test (AIT) Plan
AV-3 GSE Requirements 1 A 10
Spec.
AV-4 Facilities and 1 R 10
Transporation Plan
AV-5 Hardware/Software 1 A 10 Including
Matrix CFE List
AV-6 EGSE Design Specs 1 R 10 Sub-system/
Instrument/
St
Sat.level.
AV-7 MGSE Design Specs 1 R 10 Sub-system/
Instrument/
Sat.level.
AV-8 EGSE Development 1 R 10
Plan
AV-9 MGSE Development l R 10
Plan
AV-10 | Launch and ‘ 1 A 10

Commissioning Phase
Support Activities
Plan

AV-11 AIV/GSE Technical I 10 As necessary
Notes
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Project Management Plan

PM-1

PURPOSE OF DOCUMENT

To define the management requirements for the work to be performed under
the contract and the procedures to be applied by the Contractor to ensure
that the objectives of the METOP programme are accomplished within the
prescribed time schedule at minimum risk and cost.

CONTENTS
Project Management Plan, covering at least:

e basic project management requirements
e responsible officers and interfaces
e project management procedures, including

- technical monitoring and control
- schedule control and reporting

- cost control and reporting

- change control

- property control
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Progress Reports

PM-2

PURPOSE OF DOCUMENT

Monthly reporting of progress of all activities conducted within the
METOP programme.

CONTENTS
Progress status, including at least:

management activities, including action items status

contractual aspects

schedule update

METOP system progress including instrument/sub-system progress for
Prime/Sub-contractors

EGSE status

AIV status when applicable

® PA activities
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Minutes of Meetings

PM-3

PURPOSE OF DOCUMENT

To summarise all action items, decisions, recommendations and statements
made during METOP project meetings.

CONTENTS
Minutes of Meetings, including:

® cover sheet, recording subject of meeting, meeting place and date and
agenda reference, list of participants

¢ minute summary sheets

® action items initiation sheet, covering action item title and
description,
due date, originator and actionee, completion status.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Minutes of Meetings

PM-3

PURPOSE OF DOCUMENT

To summarise all action items, decisions, recommendations and statements
made during METOP project meetings.

CONTENTS
Minutes of Meetings, including:

® cover sheet, recording subject of meeting, meeting place and date and
agenda reference, list of participants

¢ minute summary sheets

® action items initiation sheet, covering action item title and
description,
due date, originator and actionee, completion status.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Prime ITT for Phase B to Subcontractors

PM-4

PURPOSE OF DOCUMENT

To specify all work to be performed in Phase B by selected
subcontractors.

CONTENTS

ITT to include:

e Statement of Work

e contract

® all requirement specifications.

For those sub-contracts not part of the original Phase B offer.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Prime ITT for Phase C/D to Subcontractors

PM-5

PURPOSE OF DOCUMENT

To specify all work to be performed in Phase C/D by selected
subcontractors.

CONTENTS
ITT to include:
e Statement of Work

® contract f
® all requirement specifications.

S—
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Prime ITT for Phase B to Subcontractors

PM-4

PURPOSE OF DOCUMENT

To specify all work to be performed in Phase B by selected
subcontractors.

CONTENTS

ITT to include:

® Statement of Work
® contract

e all requirement specifications.

For those sub-contracts not part of the original Phase B offer.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Prime ITT for Phase C/D to Subcontractors

PM-5

PURPOSE OF DOCUMENT

To specify all work to be performed in Phase C/D by selected
subcontractors.

CONTENTS
ITT to include:
® Statement of Work

® contract ¢
® all requirement specifications.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Parametric Cost Analysis for Phase C/D

PM-6

PURPOSE OF DOCUMENT

To present a parametric cost analysis for Phase C/D METOP development,
integration and test activities and the necessary set of flight spares.

CONTENTS
To include the above, plus the following options:

® launch operations/launch and early orbit phase/commissioning phase

industrial support costs
e cost of recurrent satellite flight models order at Phase C/D kick-off

or ordered separately at a later date.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Cost Reports

PM-7

PUORPOSE OF DOCUMENT

As defined in PMP.

CONTENTS

As defined in PMP.
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PM-8

DRL NO. TITLE Schedule and Bar Charts

PURPOSE_OF DOCUMENT

As defined in PMP.

CONTENTS

As defined in PMP.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Change Notices

PM-9

PURPOSE OF DOCUMENT

As defined in pMP.

CONTENTS

As defined in PMP.




DOCUMENT REQUIREMENT
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DESCRIPTION

DRL NO.

PM-10

TITLE

Monthly Meeting Plan

As defined in PMP.

PURPOSE OF DOCUMENT

CONTENTS

As defined in PMP.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Technical Description

SY-1

PURPOSE OF_ DOCUMENT

To provide a comprehensive technical description of the overall METOP
satellite system.

CONTENTS
Technical description, to include:

introduction,

mission, performances and operations overview
satellite design concepts

baseline satellite description

satellite system budgets

programmatics
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Requirements Specification

SYy-2

PURPOSE OF DOCUMENT

To define the overall requirements of the METOP system in terms of the
primary performance requirements, its operational requirements, design
and test requirements of the fully integrated spacecraft, and interface
requirements between the spacecraft and ground segment and between the
spacecraft and launcher.

CONTENTS
System specification in terms of:

description of mission requirements

description of METOP system

system performance requirements

derived performance specification for each instrument
system operation requirements

system design requirement

identification of all system interfaces

system test and verification
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Specification and Plan Tree

SY-3

PURPOSE OF DOCUMENT

To define, in block diagram form, all specifications and plans for the
METOP system from satellite system level down to equipment level.

CONTENTS

Specification and Plan tree(s) covering:

all satellite system requirements (including satellite to ground
segment I/F and system simulators, if applicable)

satellite requirement specs. (incl. GSE requirements, satellite to
launcher requirements, software and environmental requirements, PA)
all sub-system and instrument/equipment level requirements/design
specifications

all Plans (test, design/development, calibration/characterisation)
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Budgets Document

SY-4

PURPOSE OF DOCUMENT

To provide a comprehensive source of reference for all METOP satellite
system budgets.

CONTENTS
All satellite system budgets. including:

satellite reference axes,

mass and mass properties,

power and thermal budgets,

energy

all RF link budgets

TM/TC and data bus exchange budgets
software and memory budgets
on-board propellant

system performance, data quality, reliability and availability
frequency plan.

TM/TC budgets

synchronisation and datation budget
EMC/EMI budget

attitude budget

alignment budget

including geometrical, spatial and radiometric quality
calibration budget and error budget

radiation budget

pyrotechnics budget

vibration modes of satellite, platform and payload.

data quality budget (for ASCAT and MIMR for each physical measurement

er s ebans
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Analysis and Trade-Off
Summary Report

SY-5

PURPOSE OF DOCUMENT

To provide a list of all the major analyses and trade-offs performed in
the course of the METOP system design together with a summary of the
results and conclusions.

CONTENTS
Summary report, to include:

trade-off approach

general trade-off criteria
summary of system trade-offs
results and conclusions.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE In-Flight Satellite System Performance
Verification Plan

SY-6

PURPOSE OF DOCUMENT

To define all activities related to the full verification of the in-orbit
METOP satellite system.

CONTENTS
In-flight performance verification, including:

® satellite activation and stabilisation

& satellite testing, including functional checks of all modes and
measurement performance

e instrument calibration activities

e verification of overall system performance
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Design and Development Plan
SY-7

PURPOSE OF DOCUMENT

To define the overall METOP satellite system design and development
activities.

CONTENTS
Design and development plan, to include:

system definition

system design and development flow, model philosophy
description of system level activities

schedule, including major milestones and reviews.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Calibration Plan

SY-8

PURPOSE OF DOCUMENT

To define all METOP satellite system and instrument calibration
activities, both on-ground and in orbit.

CONTENTS
Plan of all calibration activities, including:

system calibration definition

on-ground calibration activities

in-orbit activities

calibration activities flow

definition of calibration facilities required
required frequency of calibration.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Supporting Analyses and Studies
Documentation

SY-9

PURPOSE OF DOCUMENT

All additional analyses and studies performed by the Contractor to
support the proposed METOP system design.

CONTENTS

As necessary.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite to Ground Segment Interface
Definition

SY-10

PURPOSE OF DOCUMENT

To define the interfaces between the METOP satellites and all ground
stations.

CONTENTS

Satellite to Ground Segment I/F definition, including:

® METOP system overview
® salient satellite and orbit requirements
e data formats and rates, coding scheme and modulation, encryption
e reference profile assumptions
e TELECOMS
- frequency

- link budget

- data formats

- TM/TC formats

- auxiliary information
e ground station front-end requirements.
ranging requirements
® computerised data base structure

This document complements, and may be integrated into, the equivalent
ESA/EUMETSAT document.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Environmental Design and Test
Requirements Specification

SY-11

PURPOSE OF DOCUMENT

To define the natural and induced environment that the METOP satellites
and their component parts shall be able to withstand in all phases of
transportation, handling, storage, pre-launch, launch and ascent and in-
orbit.

To specify the levels and profiles of mechanical and thermal
environmental tests to demonstrate qualification and acceptance of the
METOP hardware at equipment, sub-system/instrument payload, platform and
satellite levels.

CONTENTS
Environmental Design and Test Requirements in terms of:

e general test requirements
e qualification and acceptance environmental test specs (for
sinus/random, acoustic, TV, etc.) and test methods at

a) equipment level

b) sub-system/instrument level
c) payload/platform level

d) satellite level.

—)
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite EMC/RFC Analysis

SY-12

PURPOSE OF DOCUMENT

To analyse in depth the proposed METOP design concept from Phase A and to
follow up all evolutions of the design in Phase B concerning EMC and RFC
critical areas.

Furthermore, all necessary analysis/trade-off’s shall be performed to
establish the basic EMC/RFC design and test requirements. These analyses
shall form the baseline for deriving the satellite level EMC/RFC
requirements.

CONTENTS !

Satellite EMC/RFC analysis to cover at least the following EMC/RFC
issues:

grounding concept

magnetic compatibility

conducted compatibility

radiated compatibility

radio frequency compatibility

EMC/RFC test/verification approach (unit to satellite level)
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite EMC/RFC Control Plan

SY-13

PURPOSE OF DOCUMENT

To define the Electromagnetic Compatibility and Radio-Frequency
Compatibility Control Program to be initiated by the Contractor on the
METOP project. Specifically the plan shall describe the overall approach,
planning, technical criteria and management controls to meet satellite
compatibility requirements.

CONTENTS
The EMC/RFC control plan shall comprise at least the following subjects:

® EMC/RFC program management

® EMC/RFC documentation (to be generated by the Prime Contractor and
subcontractors)

EMC/RFC control activities

EMC/RFC design criteria/techniques

test and verification concept
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite EMC/RFC and Power Quality
Requirements Specification

SY-14

PURPOSE OF DOCUMENT

To establish the overall satellite EMC/RFC requirements in order to
ensure electromagnetic compatibility of the spacecraft and its associated
GSE in all modes of operation (on-ground and in-orbit). Furthermore, the
EMC/RFC requirements shall be broken down to sub-system/unit level as
appropriate.

An EMC/RFC test/verification concept shall be defined to demonstrate the
implementation/verification of the EMC/RFC requirements from satellite
level down to unit level and for the GSE.

CONTENTS

The EMC/RFC requirement specification shall cover at least the following
items:

® EMC design requirements

(bonding, isolation, grounding, cabling, frequency selection etc.)
magnetic requirements

conducted emission/susceptibility requirements

radiated emission/susceptibility requirements

RF compatibility requirements

GSE EMC requirements

EMC test requirements (test specification)

EMC verification requirements (test plan)

power quality requirements
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Requirements on Ariane Launcher
System

SY-15

PURPOSE OF DOCUMENT

To define the METOP spacecraft requirements with regard to mission and
trajectory to polar orbit, dynamic and thermal environment,
accessibility, RF transparency and umbilical cables which shall serve as
the Agency'’s input to the launch system/METOP interface control file

CONTENTS

To define the satellite requirements on the Ariane launcher system in
terms of:

mission characteristics and constraints

spacecraft launch and flight configuration
spacecraft mechanical properties and interfaces
thermal interfaces

operational interfaces and safety

umbilical link electrical interfaces and grounding
RF transparency

environmental requirements during on-ground handling and storage and
launch

preparation and launch phase

contamination requirements

® launch facilities interfaces
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Software Engineering Standards

SY-16

PURPOSE OF DOCUMENT

To establish mandatory standards and recommended conventions to be
applied for software production with dedicated sections for On-Board S/W,
Check-Out S/W, Performance/Analysis/Simulation S/W, Pre-developed S/W,
Single-Used S/W, and Vendor-Provided S/W. The standards and conventions
shall include S/W life cycle, documentation, design and coding,
verification and testing, review activities, configuration contrel and
product assurance.

CONTENTS

A section on each of the standards/conventions (i.e. Life Cycle
documentation, etc.) for each of the products (i.e. On-Board S/W, Check
-Out S/W, etc.) listed in the "purpose" section above.

The Contractor shall use AD36 of Annex A as a reference to be revised
and updated to METOP requirements.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Software Design, Development and
Verification Plan

SY-17

PURPOSE OF DOCUMENT

To establish for all on-board S/W, a plan for all the software activities
to be performed during the entire software life cycle, starting with the
specification of the S/W requirements and ending with the delivery of the
fully tested S/W.

The tools required for the different $/W activities shall also be
defined.

CONTENTS

To provide a list of all S/W documents to be delivered, together with a
brief description of the purpose and contents of each document,
including:

S/W Requirements Documents (SRD) *

S/W Architectural Design Document (ADD) *

S/W Detailed Design Document (DDD)

S/W Budgets (can be part of unit level Budgets Doc.) **
S/W Test Plan **

S/W Test Procedures *+*

S/W Test Report

S/W Integration Plan **

S/W Integration Procedures **

S/W Configuration Status List **

S/W Users Manual

H/W-S/W Integration Docs **

source listing

S/W Development Environment (SDE) definition, including selection of
one high-level programming language. *

specification of all S/W reviews and major S/W milestones.

*

To be delivered during Phase B.
* % Preliminary version only during Phase B.

Note: This Document is applicable to all on-board S/W under this
statement of work including instruments and sub-systems.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite to Ground Support Equipment

SY-18

Interface Specification

PURPOSE OF DOCUMENT

To define all interfaces, mechanical, electrical, thermal and RF between
the METOP satellites and their associated Ground Support Equipment (GSE).

CONTENTS

Satellite to GSE interface specifications in terms of:

general requirements

electrical interfaces (including pyrotechnics)

power distribution (e.g. solar array simulator)

TT&C interface (e.g. ground segment simulator)

RF/GSE interface

payload/GSE I/F

satellite thermal interface

satellite/GSE mechanical interfaces (for lifting/transportation)
satellite conputerised data base

satellite simulator (optional) for training
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite to Test Facility Interface
Specification

SY-19

PURPOSE OF DOCUMENT

To define all interfaces between the various METOP satellite, payload and
platform models, structural thermal model (STM), engineering model (EM),
protoflight model (PFM) and recurrent flight models (REC. FM) plus
associated GSE and all assembly, integration and test (AIT) facilities.

CONTENTS

satellite plus GSE to Test Facility Interface Specs. for selected test
facilities for:
f
satellite AIT
mass properties
static load and stiffness
modal survey
acoustic noise
vibration
EMC/RFC
TB/TV

plus:
® general requirements and PA

—
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Platform/Payload Interface Spec.

SY-20

PURPOSE OF DOCUMENT

To define payload/platform interfaces, including mechanical, electrical,
thermal, software, environmental and GSE. :

CONTENTS
Payload/platform interfaces specs in terms of:

general regquirements

all electrical interfaces
all mechanical interfaces
all thermal interfaces

all GSE interfaces

all software interfaces
environmental requirements
operational requirements
PA
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Mechanical/Thermal Design Requirements

SY-21

PURPOSE OF_ DOCUMENT

To define a common set of mechanical and thermal design requirements and
rules for use in mechanical and thermal design activities at satellite,
payload and platform instrument/sub-system and equipment level.

CONTENTS

Mechanical and thermal design requirements in terms of:

mechanical design requirements (including reference configuration and
coordinate system)

structure performance requirements {including safety factors and
margins)

structure analysis requirements (including static, dynamic, stress
and thermal distortion, and structure interfaces)

thermal design requirements and performance characteristics
maintenance, verification and PA requirements.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Platform/Payload Interface Spec.

SY-20

PURPOSE OF DOCUMENT

To define payload/platform interfaces, including mechanical, electrical,
thermal, software, environmental and GSE.

CONTENTS
Payload/platform interfaces specs in terms of:

general requirements

all electrical interfaces
all mechanical interfaces
all thermal interfaces

all GSE interfaces

all software interfaces
environmental requirements
operational requirements
PA
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Mechanical/Thermal Design Requirements

SYy-21

PURPOSE OF DOCUMENT

To define a common set of mechanical and thermal design requirements and
rules for use in mechanical and thermal design activities at satellite,
payload and platform instrument/sub-system and equipment level.

CONTENTS

Mechanical and thermal design requirements in terms of:

mechanical design requirements (including reference configuration and
coordinate system)

structure performance requirements (including safety factors and
margins)

structure analysis requirements (including static, dynamic, stress
and thermal distortion, and structure interfaces)

thermal design requirements and performance characteristics
maintenance, verification and PA requirements.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Electrical Design Requirements

SY-22

PURPOSE OF DOCUMENT

To define a common set of electrical design requirements and guidelines
for METOP to be applied at satellite, payload and platform,
instrument/sub-system and equipment level.

CONTENTS
Satellite electrical design requirements in terms of:

® general design approach (covering design specs. and performance
verification)

basic electrical design requirements

design guidelines for optical and RF equipments

design rules for data management electrical systems

power generation and distribution

cable harness and connectors

electrical systems structural and electrical integrity

general requirements on verification and PA
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Cleanliness Design Requirements

SY-23

PURPOSE OF DOCUMENT

To identify high risk and critical areas on the spacecraft and specify
acceptable levels for contamination, both particulate and molecular, and
to further identify critical stages in the development, integration and
verification phases of the METOP project.

CONTENTS
Satellite cleanliness design requirements in terms of:

parts, equipment and sensitive areas

contamination critical phases

typical contaminants and their sources

environmental factors, including expected temperatures
expected effects of contaminants on critical parts
acceptable contamination levels

general PA aspects and responsibilities
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite Safety Design Requirements

SY-24

PURPOSE OF DOCUMENT

To define the safety technical requirements for METOP and the associated
ground support equipment (GSE) to protect personnel, equipment and .
property against hazards presented by the satellite, the associated GSE
and related ground operations.

CONTENTS

Satellite safety design requirements in terms of:
1
® general safety requirements
e applicable national and transportation standards
® satellite and associated GSE design requirements, covering:

pressurized systems, including vessels, pipes and fittings
hazardous, toxic and flammable materials

pyrotechnics and igniters

cryogenics

high voltages




Doc.No.: MO-LI-ESA-PM-0027
Iss./Rev.: 1

Page: F36

Release Date: Sept. 1994

DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Flight Operations Manual

SY-25

PURPOSE OF DOCUMENT

To define, in full detail, the in-orbit operational characteristic of the
satellite, its sub-systems and instruments..

CONTENTS
Outline of Document only in Phase B, covering:
® Nominal Cases

® LEOP
® Contingencies.
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DOCUMENT REQUIREMENT DESCRIPTION

(SO

DRL NO. TITLE Satellite Sub-Systems Interface Specification

SY-26

PURPOSE OF DOCUMENT

To define the interfaces between satellite sub-systems, related
functional, electrical and operational aspects, as well as mechanical and
thermal interfaces not covered by the environmental requirements
specifications.

CONTENTS

Interface Specification in terms of:

general requirements

mechanical interfaces (including physical properties, local
reference, mounting/accommodation, AIV interfaces)

thermal interfaces {(including surface treatment, thermal insulation,
thermal conductances)

electrical interfaces (including power supply, avionics, timings,
housekeeping interface)

functional interfaces between sub-systems.
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DOCUMENT REQUIREMENT DESCRIPTION
DRL NO. TITLE Satellite Frequency Plan
SY-27
PURPOSE OF DOCUMENT
List all frequencies used by METOP equipment.
CONTENTS
Including all frequencies generated on-board for transmitters, local
oscillators and clock-sources, used by RF receivers, both on equipment
and instruments.
-
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Command and Control Interface Specification
SY-28

PURPOSE OF DOCUMENT

To specify all command and control interfaces.

CONTENTS

The Contractor shall use AD 32 of Annex A as a reference to be ervised
and updated to a METOP Command and Control Interface Specification.
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DOCUMENT REQUIREMENT DESCRIPTION

DRI NO. TITLE Platform Technical Description

PF-1

PURPOSE OF DOCUMENT

To describe the platform design and its operational, functional and

performance characteristics from platform level down to equipment level.

CONTENTS
Platform description in terms of:

main characteristics

operational modes

functional modes

performance summary

block diagram down to sub-system/equipment level with description of
each sub-system/equipment block

main electrical interfaces

T
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Platform Design Specifications

PF-2

PURPOSE OF DOCUMENT

To specify design at platform level in terms of performance, interface
specifications and verification requirements.

CONTENTS
Platform design specifications in terms of:

general function

performance requirements .
electrical interfaces (RF, signals, power, telemetry)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
operational requirements {(e.g. reliability and lifetime)
EGSE/MGSE/STE requirements

PA (including model philosophy)

summary test sequence and detailed test matrices

Interfaces to the payload are covered in SY-20.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Platform Sub-system Specifications
PF-3

PURPOSE _OF DOCUMENT

To specify the platform design at sub-system level in terms of
performance, interface specifications and verification requirements.

CONTENTS

Sub-system design specifications in terms of:

general function !

performance requirements

electrical interfaces (i.e. signals, power, telemetry)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

EGSE/MGSE/STE requirements

operational requirements (e.g. reliability and lifetime)
PA (including model philosophy)

summary test sequence and detailed test matrices

The platform sub-system shall include:

structure, thermal control, propulsion, AOCS, power supply, solar array,
OBDH, OBC, communications.

Where platform specifications form part of the METOP satellite
specification. they shall be delivered within the framework of SY-2.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Platform Equipment Specification

PF-4

PURPOSE OF DOCUMENT

To specify the platform design at equipment level in terms of
performance, detailed interface specifications and verification -
requirements.

CONTENTS

Equipment design specifications in terms of:

general function

performance requirements

electrical interfaces (RF, signals, power, telemetry)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

operational requirements (e.g. reliability and lifetime)
EGSE/MGSE/STE requirements

PA (including model philosophy)

summary test sequence and detailed test matrices
handling, transportation and storage requirements
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Platform Verification and Test Plan

PF-5

PURPOSE OF DOCUMENT

To define the full gualification and acceptance test programmes from
platform level down to equipment level.

To establish the on-ground verification planning and control from
platform level to equipment level.

CONTENTS
Qualification and acceptance test programme definition in terms of:

test philosophy

test conditions

hardware/software matrices

qualification test programme (involving functional testing at

ambient, qualification level vibration and TV test limits, TV profile

and EMC/RFC)

® acceptane level programme (involving functional testing at ambient,
acceptance level, vibration and TV test limits, TV profile and
EMC/RFC)

® test plan and methods

PA provisions

Verification planning, to include at least:

verification approach
verification planning
verification control
responsibilities
verification summary matrix
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Platform Design and Development Plan

PF-6

PURPOSE OF DOCUMENT

To define the overall platform design/development philosophy from
engineering design through integration and verification while taking into
account schedule and programme constraints.

CONTENTS

Design/development plan definition in terms of:

platform requirements and constraints

hardware and software breakdown, where applicable

platform verification concept

development plan (covering manufacturing, integration and test plans
and model philosophy)

general design and engineering aspects (including performance,
mechanical/thermal, electrical design, EMC/RFC aspects, software
development and validation, EGSE/MGSE)

e summary schedule and milestones

e compliance to system/satellite level requirements
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Description

§S5-1

DRL NO. TITLE Payload Support Sub-system Technical

PURPOSE OF DOCUMENT

To describe the payload support sub-system design and its operational and
functional characteristics from sub-system level down to equipment level.

CONTENTS
Sub-system description in terms of:
main characteristics

operational modes
functional modes

equipment block
main electrical interfaces

block diagram down to equipment level with description of each
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Payload Support Sub-system Design

Specifications
§5-2

PURPOSE OF DOCUMENT

To specify design at sub-system level in terms of performance, interface
specifications and verification requirements.

CONTENTS
Sub-system design specifications in terms of:

general function
performance requirements
electrical interfaces (i.e. signals, power, telemetry)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

EGSE/MGSE/STE requirements

operational requirements (e.g. reliability and lifetime)
PA (including model philosophy)

summary test sequence and detailed test matrices

L3

The payload support sub-system shall include:

payload support structure

payload thermal control

payload power supply and distribution
payload harness

payload OBDH
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DOCUMENT REQUIREMENT DESCRIPTION

1994

55-3

Specifications

DRL NO. TITLE Payload Sub-system Suppor Equipment

PURPOSE OF DOCUMENT

To specify the design at egquipment level in terms of performance,
detailed interface specifications and verification requirements.

CONTENTS

Equipment design specifications in terms of:

general function

performance requirements

electrical interfaces (i.e. signals, power, telemetry)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

operational requirements (e.g. reliability and lifetime)
EGSE/MGSE/STE requirements

PA (including model philosophy)

summary test sequence and detailed test matrices
handling, transportation and storage requirements
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Payload Support Sub-system Verification and
Test Plan

55-4

PURPOSE OF DOCUMENT

To define the full qualification and acceptance test programmes from sub-
system level down to equipment level.

To establish the on-ground verification planning and control from sub-
system level to equipment level.

CONTENTS

Qualification and acceptance test programme definition in terms of:

test philosophy

test conditions

hardware/software matrices

qualification test programme (involving functional testing at
ambient, qualification level vibration and TV test limits and profile
specifications and EMC/RFC)

acceptance test programme (involving functional test at ambient,
acceptance level vibration and TV test limits and profile and
EMC/RFC)

® test plan and methods

® PA provisions

Verification planning, to include at least:

verification approach
verification planning
verification control
responsibilities
verification summary matrix
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Payload Support Sub-system Verification and
Test Plan

SS5-4

PURPOSE OF DOCUMENT

To define the full qualification and acceptance test programmes from sub-
system level down to eqguipment level.

To establish the on-ground verification planning and control from sub-
system level to equipment level.

CONTENTS

Qualification and acceptance test programme definition in terms of:

test philosophy

test conditions

hardware/software matrices

qualification test programme (involving functional testing at
ambient, qualification level vibration and TV test limits and profile
specifications and EMC/RFC)

acceptance test programme (involving functional test at ambient,
acceptance level vibration and TV test limits and profile and
EMC/RFC)

® test plan and methods

® PA provisions

Verification planning, to include at least:

verification approach
verification planning
verification control
responsibilities
verification summary matrix
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Payload Support Sub-system Design and

SS-5

Development Plan

PURPOSE_OF DOCUMENT

To define the overall sub-system design/development philosophy from
engineering design through integration and verification while taking into
account schedule and programme constraints.

CONTENTS

Design/development plan definition in terms of:

sub-system requirements and constraints

hardware and software breakdown

sub-system verification concept

development plan (covering manufacturing, integration and test phases
and model philosophy)

general design and engineering aspects (including performance,
mechanical/thermal, electrical design, EMC/RFC aspects, software
development and validation, EGSE/MGSE)

summary schedule and milestones

compliance to system/satellite level requirements
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AS-1

DRL NO. TITLE Advanced Scatterometer (ASCAT) Instrument
Technical Description

PURPOSE OF DOCUMENT

To describe the ASCAT design and its operaticnal, functional and
performance characteristics from ASCAT level down to equipment level.

CONTENTS
ASCAT description in terms of:

main characterisation
operational modes
functional modes
performance summary

equipment block
main electrical interfaces

block diagram down to equipment level with description of each
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Advanced Scatterometer (ASCAT) Instrument
Design and Performance Specifications

AS-2

PURPOSE OF DOCUMENT

To specify design at ASCAT level in terms of measurement performance,
interface specifications and verification requirements.

CONTENTS
ASCAT design specifications in terms of:

general function, operational mode

performance requirements

electrical interfaces (RF, signal, power, telemetry, data handling)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

EGSE/MGSE/STE requirements

operational requirements (e.g. reliability and lifetime)
PA (including model philosophy)

summary test sequence and detailed test matrices

The Contractor shall provide, as minimum, performance specifications
with respect to:

- Engineering parameters at instrument level e.g.
spatial, spectral, sampling resolution
radiometric, resolution, accuracy, stability
aliasing, ambuigities

coverage

calibration, characterisation performance.

- Sub-system key parameters, e.g.
peak power

timelining

receiver noise figure

harness losses

frequency, bandwidth, VSWR, etc.
etc.

The Contractor shall rely heavily on previous studies.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Advanced Scatterometer (ASCAT) Instrument Sub-
System Specifications

AS-3

PURPOSE OF DOCUMENT

To specify the ASCAT design at sub-system/equipment level in terms of
performance, detailed interface specifications and verification
requirements.

CONTENTS
ASCAT design specifications in terms of:

general function

performance requirements

electrical interfaces (RF, signal, power, telemetry)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

EGSE/MGSE/STE requirements

operational requirements (e.g. reliability and lifetime)
PA (including model philosophy)

summary test sequence and detailed test matrices
handling, transportation and storage requirements
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLR Advanced Scatterometer (ASCAT) Instrument
Verification, Test, Calibration and
AS-4 Characterisation Plan

PURPOSE OF DOCUMENT

To define the full instrument calibration, characterisation and test
programme from instrument level down to sub-system/equipment level.

To establish the instrument on-ground verification planning and control
from instrument level down to sub-system/equipment level.

CONTENTS

Calibration, characterisation and test programme definition in terms of:

L

calibration/characterisation and test philosophy

error budget definition and combination

calibration, characterisation, test planning and methods

qualification test programme (including environmental tests, test

limits,

test sequence and profiles)

® acceptance test programme (including environmental tests, test
limits, test sequence and profiles)

® calibration curves definition

PA provisions.

Verification planning, to include at least:

verification approach
verification planning
verification control
responsibilities
verification summary matrix
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Advanced Scatterometer (ASCAT) Instrument
Design and Development Plan

AS-5

PURPOSE OF DOCUMENT

To define the overall ASCAT design/development philosophy from
engineering design through integration and verification and calibration
while taking into account schedule and programme constraints.

CONTENTS
Design/develcpment plan definition in terms of:

ASCAT requirements and constraints

hardware and software breakdown

ASCAT verification concept

development plan (covering manufacturing, integration, test and
calibration plans and model philosophy)

general design and engineering aspects (including performance,
mechanical/ thermal, electrical/RF design, EMC/RFC aspects, software
development and validation, EGSE/MGSE)

e summary schedule and milestones

e compliance to system/satellite requirements.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLR Instrument Interface Controcl Document (ICD)

AS-6

PURPOSE OF DOCUMENT

To define all the requirements on the instrument specific interfaces,
mechanical, thermal, electrical, environmental and operational, between
the ASCAT instrument and the METOP satellite.

CONTENTS
Interface Specifications in terms of:

® general requirements

® mechanical interfaces (including physical properties, local
reference, design loads, structural interfaces, dynamic interfaces,
alignment/pointing, field of view, mounting, AIV interfaces)

® thermal interfaces (including thermal environmental conditions,
thermal limits and dissipations, heat capacities, surface treatment
and thermal insulation, thermal conductances)

® electrical interfaces (including power supply interfaces. command and
control I/F, timings, datation) ~

® science data interface, housekeeping TM

® deliverable mathematical models
(e.g. reduced thermal mathematical model and reduced finite element
model) .
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Multifrequency Image Microwave Radiometer
(MIMR) Instrument Technical Description

MI-1

PURPOSE OF DOCUMENT

To describe the MIMR design and its operational, functional and
performance characteristics from MIMR level down to equipment level.

CONTENTS
MIMR description in terms of:

main characterisation

operational modes

functional modes

performance summary

block diagram down to equipment level with description of each
equipment block

main electrical interfaces

budgets summary for mass, power, volume, performance, etc.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Multifrequency Image Microwave Radiometer
(MIMR) Instrument Design and Performance
MI-2 Specifications

PURPOSE OF DOCUMENT

To specify design at MIMR level in terms of measurement performance,
interface specifications and verification requirements.

CONTENTS
MIMR design specifications in terms of:

general function, operational

performance reguirements

electrical interfaces (RF, signal, power, telemetry, data handling)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

EGSE/MGSE/STE requirements

operational requirements (e.g. reliability and lifetime)
QA {including model philosophy)

summary test sequence and detailed test matrices

The Contractor shall provide, as a minimum, performance specifications
with respect to:

- Engineering parameters at instrument level
radiometric sensitivity, accuracy, stability
localisation accuracy

spatial resolution

pointing accuracy, stability

residual momentum, static and dynamic unbalance
calibration/characterisation performances.

- Sub-system key parameters:

receiver noise temperature per channel
receiver linearity

antenna beam efficiency, side lobe level, etc.
scan and balance mechanism performances
harness losses

etc.

The Contractor shall rely heavily on previous studies.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Multifrequency Image Microwave Radiometer
{MIMR) Instrument Sub-System Specifications

MI-3

PURPOSE OF DOCUMENT

To specify the MIMR design at sub-system/equipment level in terms of
performance, detailed interface specifications and verification
requirements.

CONTENTS
ASCAT design specifications in terms of:

general function !

performance requirements

electrical interfaces (RF, signal, power, telemetry)
mechanical interfaces

thermal interfaces

mechanical and thermal environmental requirements
EMC/RFC design and test requirements

EGSE/MGSE/STE requirements

operational requirements (e.g. reliability and lifetime)
PA (including model philosophy)

summary test sequence and detailed test matrices
handling, transportation and storage requirements
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Multifrequency Image Microwave Radiometer
(MIMR) Instrument Validation, Test,
MI-4 Calibration and Characterisation Plan

PURPOSE OF DOCUMENT

To define the full instrument calibration, characterisation and test
programme from instrument level down to sub-system/equipment level.

To establish the on-ground verification planning and control from
instrument level down to sub-system/equipment level.

CONTENTS
Calibration, characterisation and test programme definition in terms of:

calibration/characterisation and test philosophy

error budget definition and combination

calibration, characterisation, test planning and methods
qualification test programme (including environmental tests, test
limits,

test sequence and profiles)

® acceptance test programme (including environmental tests, test
limits, test sequence and profiles)

calibration curves definition

PA provisions.

Verification planning, to include at least:

verification approach
verification planning
verification control
responsibilities
verification summary matrix
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DOCUMENT REQUIREMENT DESCRIPTION

DRL

NO. TITLE Multifrequency Image Microwave Radiometer

MI-5

(MIMR) Instrument, Design and Development Plan

PURPOSE OF DOCUMENT

To define the overall MIMR design/development philosophy from engineering
design through integration and verification and calibration while taking
into account schedule and programme constraints.

CONTENTS

Design/development plan definition in terms of:

MIMR requirements and constraints

hardware and software breakdown

MIMR verification concept

development plan (covering manufacturing, integration, test and
calibration plans and model philosophy)

general design and engineering aspects (including performance,
mechanical/ thermal, electrical/RF design, EMC/RFC aspects, software
development and validation, EGSE/MGSE)

summary schedule and milestones

compliance to system/satellite requirements.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Instrument Interface Control Document (ICD)

MI-6

PURPOSE OF DOCUMENT

To define all the requirements on the instrument specific interfaces,
mechanical, thermal, electrical, environmental and operational, between
the MIMR instrument and the METOP satellite.

CONTENTS

Interface Specifications in terms of:

general requirements

mechanical interfaces (including physical properties, local
reference, design loads, structural interfaces, dynamic interfaces,
alignment/pointing, field of view, mounting, AIV interfaces)
thermal interfaces (including thermal environmental conditions,
thermal limits and dissipations, heat capacities, surface treatment
and thermal insulation, thermal conductances)

electrical interfaces (including power supply interfaces, command and
control I/F, timings, datation)

science data interface, housekeeping T

deliverable mathematical models

(e.g. reduced thermal mathematical model and reduced finite element
model) .
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE General Instrument Interface Control Document
(GICD)

CF-1

PURPOSE OF DOCUMENT

To define all the general requirements on the relevant interfaces,
mechanical, thermal, electrical, environmental and operational, between
customer furnished instruments (CFI) and the METOP satellite.

CONTENTS
Interface Specifications in terms of:

® general requirements

® mechanical interfaces (including physical properties, local
reference, design loads, structural interfaces, dynamic interfaces,
alignment/pointing, field of view, mounting, AIV interfaces)

® thermal interfaces (including thermal environmental conditions,
thermal limits and dissipations, heat capacities, surface treatment
and thermal insulation, thermal conductances)

e electrical interfaces (including power supply interfaces, command and
control I/F, timings, datation)

® science data interface, housekeeping T™M

® environmental interfaces (including EMC/RFC)

e instrument design and verification requirements

® instrument operations

® GSE

® QA aspects (including cleanliness requirements and contamination
control)

® programme and schedule
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Instrument Interface Control Document (ICD)

CF-2

PURPOSE OF DOCUMENT

To define all the requirements on the instrument specific interfaces,
mechanical, thermal, electrical, environmental and operational, between
the CFI instrument and the METOP satellite.

CONTENTS
Interface Specifications in terms of:

® general requirements

® mechanical interfaces (including physical properties, local
reference, design loads, structural interfaces, dynamic interfaces,
alignment/pointing, field of view, mounting, AIV interfaces)

® thermal interfaces (including thermal environmental conditions,
thermal limits and dissipations, heat capacities, surface treatment
and thermal insulation, thermal conductances)

® eclectrical interfaces (including power supply interfaces, command and
control I/F, timings, datation)

e science data interface, housekeeping TM

e environmental interfaces (including EMC/RFC)

e instrument design and verification requirements

® instrument operations

® GSE

® QA aspects (including cleanliness requirements and contamination
controlY

® programme and schedule

One ICD is required for each of the instruments specified in Annex A,
para A 3.4.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Satellite System Verification Plan

AV-1

PURPOSE OF DOCUMENT

To establish the METOP satellite system on-ground and in-orbit
verification planning and control from satellite level down to
instrument/sub-system level.

CONTENTS

Verification planning, to include at least:

verification approach
verification planning
verification control
responsibilities
verification summary matrix
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Assembly, Integration and Test Plan

AV-2

PURPOSE OF DOCUMENT

To define and control the METOP satellite system assembly, integration
and test plan from instrument/sub-system level up to satellite level.

CONTENTS
AIT planning, to include:

AIT approach

AIT planning !
AIT control

AIT responsibilities
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE GSE Requirements Spec.

AV-3

PURPOSE OF DOCUMENT

To establish the general requirements for the Ground-Support Equipment
(GSE) comprising the Electrical Ground Support Equipment (EGSE) and the
Mechanical Ground Support Equipment (MGSE) for instrument, sub-system,
payload, platform and satellite level.

CONTENTS
General GSE requirements, including at least:

GSE definition

operational regquirements

interface requirements

software requirements

hardware design and construction requirements
EMC requirements

environmental requirements

Product Assurance

preparation and delivery
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Facilities and Transportation Plan

AV-4

PURPOSE OF DOCUMENT

To define and plan the provision of suitable test facilities and means of
transportation for METOP satellite system.

CONTENTS

Facilities and transportation planning, to include:

list of proposed test activities
proposed test facility

schedule for test facility availability
means of transportation, including:

- items to be transported

- requirements on transportation
- transport responsibility

- transportation planning.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Hardware and Software Matrix

AV-5

PURPOSE OF DOCUMENT

To list the deliverable items of hardware and software of the METOP
satellite system including spare and GSE.

CONTENTS

Hardware and software matrix, covering at least:
® satellite hardware and software

® GSE hardware and software

e simulation software
e CFE list
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE EGSE Design Specifications

AV-6

PURPOSE OF DOCUMENT

To define the design requirements for METOP satellite EGSE, from system
level down to instrument level.

CONTENTS

EGSE Design Specifications, to include, at least:

satellite EGSE definition
performance requirements
operational requirements
interface requirements
software requirements
hardware requirements

PA aspects
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Hardware and Software Matrix

AV-5

PURPOSE OF DOCUMENT

To list the deliverable items of hardware and software of the METOP
satellite system including spare and GSE.

CONTENTS

Hardware and software matrix, covering at least:
® satellite hardware and software
® GSE hardware and software

® simulation software
® CFE list
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Hardware and Software Matrix

AV-5

PURPOSE OF DOCUMENT

To list the deliverable items of hardware and software of the METOP
satellite system including spare and GSE.

CONTENTS

Hardware and software matrix, covering at least:
® satellite hardware and software
® GSE hardware and software

® simulation software
® CFE list
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE EGSE Design Specifications

AV-6

PURPOSE OF DOCUMENT

To define the design requirements for METOP satellite EGSE, from system
level down to instrument level.

CONTENTS

EGSE Design Specifications, to include, at least:

satellite EGSE definition
performance requirements
operational requirements
interface requirements
software requirements
hardware requirements

PA aspects
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE MGSE Design Specifications

AV-7

PUORPOSE OF DOCUMENT

To establish the design, performance and testing requirements of the
METOP satellite mechanical ground support equipment, from system level
down to instrument level.

CONTENTS

MGSE Design Specifications to include:

MGSE definition and identificatifon

equipment description

interface requirements

mechanical requirements

electrical/EMC requirements (for electric motors, etc.)
design and constructional requirements

environmental requirements
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE EGSE Development Plan

AV-8

PURPOSE OF DOCUMENT

To define the overall EGSE (instrument sub-system, payload, platform and
satellite level) development philosophy from engineering design through
integration and verification taking into account schedule and programme
constraints.

CONTENTS

Development plan definition in terms of:

® EGSE requirements and constraints

® hardware and software breakdown
{including satellite simulators and satellite computerised data
base)

® EGSE verification concept

e development plan (covering manufacturing, integration and test phases
and identification of optimum number of EGSE sets)

® general design and engineering aspects (including performance,
mechanical/ thermal, electrical design, software development and
validation)

® summary schedule and milestones

e compliance to requirements and design specs.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE MGSE Development Plan

AV-9

PURPOSE OF DOCUMENT

To define the overall MGSE (instument, sub-system, payload, platform and
satellite level) development philosophy from engineering design through
integration and verification while taking into account schedule and
programme constraints.

CONTENTS
Development plan definition in terms of:

MGSE requirements and constraints

hardware breakdown

MGSE verification concept

development plan (covering manufacturing, integration and test phases
and identification of optimum number of MGSE sets)

general design and engineering aspects

summary schedule and milestones

® compliance to requirements and design specs.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Launch and Commissioning Phase Support
Activities Plan

AV-10

PURPOSE OF DOCUMENT

To define all industrial launch and commissioning support activities for
METOP and provide planning.

CONTENTS

Launch support, also covering LEOP and first payoad switch-on activities
and commissioning phase activities.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE AIV/GSE Technical Notes

AV-11

PURPOSE OF DOCUMENT

To provide all supporting AIV/GSE technical notes and analyses.

CONTENTS

AIV/GSE technical notes and analyses.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Product Assurance Plan

P-1

PURPOSE OF DOCUMENT

To establish the provisions for the METOP Product Assurance Programme
covering the planning, organisation and controls to ensure an effective
and economic programme for the design, manufacture and delivery of all
products in compliance with the METOP-1 ESA Product Assurance
Requirements.

CONTENTS
The plan shall describe the following items:
® Product Assurance Organization

® Tasks and Schedule: the PA tasks to be undertaken together with the
relationship of these tasks to the overall programme milestones.

® Deliverables.

® Documentation: definition or reference to the product assurance
design rules, standards, practices, methods, procedures.

® Reporting: This section shall define the system used to report
activity status, progress and problem areas.

® Statement of applicability and compliance to each para. of the METOP-
1 ESA Product Assurance Requirements (including tailored PSS-01-
Series requirements) .

® PA requirements imposed on sub-contractors.

EEE Components Control, Fracture Control and Configuration Management can
be covered by separated plans outside the PA plan.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Reliability Prediction Report

pP-2

PURPOSE OF DOCUMENT

To provide an overall METOP-1 Satellite system Reliability estimate based
on an apportionment of reliability estimates for all satellite sub-
systems and instruments.

CONTENTS

Satellite sub-system/instrument reliability figures leading to an overall
satellite system reliability estimate with compliance to overall
satellite system requirements.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE FMECA Report

P-3

PORPOSE OF DOCUMENT

To analyse METOP-1 Satellite System and external interfaces to identify
functional failure modes, causes, criticalities and effects, for the
purpose of achieving a design compliant with the requirements.

CONTENTS

The FMECA report shall contain the results of the FMECA analyses and data
sources and techniques. The FMECA shall address hardware as well as
software functional failure modes, dffects and criticalities.

The FMECA report shall include all information necessary for

understanding and review of the analysis

® identification of configuration being analysed

® identification of applicable functional description and reliability
block diagrams

® identification of operational phase and operational mode under
consideration

® identification of level of analysis, the assumed failure mode and the
effect on other equipment/subsystems

The analysis results shall be used in order to
® support hazard analysis

L] identify single-point failures

L identify critical items

® ensure that adequate telemetry and command capabilities are available
to detect and control failures

L identify design incompatibilities and inadequacies

e verify that all redundant elements can be tested at integrated system

e identify monitoring capabilities in orbit (and test)

L) identify back-up operation modes and procedures

® to develop software requirements and to support S/W analyses

® generate contingency analyses

° Identify operational procedures

°

identify special test and quality inspection points
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Hazard Analysis Report

P-4

PURPOSE OF DOCUMENT

To identify hazardous conditions associated with METOP-1 design and
operations, related accident scenarios, hazard reduction measures and
their verification.

CONTENTS
The hazard analysis report shall cover

® Ground operations : integration, test, transportation, handling and
pre-launch operations.

e Space operations : space environment including meteorite/debris,
space debris creation.

The HA results shall be documented using hazard analysis report sheets
providing at least the following information

identification of affected item (sub-system, equipment, etc.)
operational phase

hazard

description of undesirable event and consequences
consequence category

possible causes

applicable safety requirements

description of hazard reduction provisions

recommendations for further investigation design changes, etc.
verification methods

rationale for retention

closure / approval status
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DOCUMENT REQUIREMENT DESCRIPTION-

DRL NO. TITLE EEE Components Control Plan

P-5

PURPOSE OF DOCUMENT

To define the proposed approach, methods, procedures organisation and
schedule for METOP-1 component selection, procurement and control.

CONTENTS

The EEE component control plan shall include, but not be limited to, a
detailed description of the following items

organisational structure, responsibilities and management approach

major tasks and methods of implementation

standardisation and control of component selection

component evaluation and testing approach

component testing level and lot acceptance

component quality assurance activities

requirements on and system for the control of subcontractors,

procurement agents and manufacturers

radiation control programme

procurement system, including rationale for selection

® programme planning with schedule of tasks linked to spacecraft
programme milestones

® reporting and deliverables

[ ] compliance matrix
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLR Critical Items List

P-6.1

PURPOSE OF DOCUMENT

To identify and track the status of all METOP-1 project critical items
including single point failures, fracture critical and limited life
items.

CONTENTS

The critical item list shall provide for each critical item the following
information

e Affected item identification, nomenclature, function

® Criticality description and related operational phase/mode

e Reference of the impacted requirement

® Effects at next higher levels

® Possible causes

® Cross reference to FMECA or other sources (establishing the
criticality)

® Criticality ranking

® Proposed actions

® Agreed actions : a) requirements waived

b) design change

c) special tests

d) inspection procedures

e) operational procedures

f) in-flight detection method
e Rationale for retention
® Closure / approval status
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE METOP Long-Lead Items List

P-6.2

PURPOSE OF DOCUMENT

To define the required long-lead procurement items, for which advanced
procurement is required (Phase B).

CONTENTS

Subsets of Declared Components Lists and Declared Mechanical Lists
together with procurement information.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Declared Components List

P-6.3

PURPOSE OF DOCUMENT

To establish a consolidated list of all EEE parts used in the METOP-1
design.

CONTENTS
The DCL shall contain all components types needed for the current design.

The information in the DCL shall be presented in the format given in
Annex C to PSS-01-60.




Doc.No.: MO-LI-ESA-PM-0027
Iss./Rev.: 1

Page: F84

Release Date: Sept. 199%4

DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Declared Materials List

P-6.4

PURPOSE OF DOCUMENT

To establish a consolidated list of all materials used in the METOP-1
design.

CONTENTS
The DML shall include the following information

material type (commercial identification)

chemical nature and type of product

manufacturer (s); procurement specifications or standards

summary of processing parameters

use and location

environmental code

size code

approval status (with reference to the approval authority and to test
data)

® identification of limited-life materials

In case of re-use of ‘fully qualified’ subsystems, boxes or items, the
corresponding materials should not appear in the system DML. The term
‘fully qualified’ means that the status of the element is traceable to a
valid and complete qualification report containing a DML officially
approved by the relevant ESA authority. This list is to be attached to
the system DML for reference.

The information in the DML shall be presented in the format given in PSS-
01-700.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Declared Process List

P-6.5

PURPOSE OF DOCUMENT

To establish a consolidated list of all processes used in the METOP-1
design.

CONTENTS
The DPL shall include the following information

process identification

related specification

process description

use and location

manufacturer’s name

associated DML items

criticality of the process

approval status (with reference to the approval authority and to test
data)

In case of re-use of ’'fully qualified’' subsystems, boxes or items, the
corresponding processes should not appear in the DPL. The term ‘fully
gualified’ means that the status of the element is traceable to a valid
and complete qualification report containing a DPL officially approved by
the relevant ESA authority. This list is to be attached to the system
DPL for reference.

The information in the DPL shall be presented in the format given in PSS-
01-700.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Preferred Parts List

P-6.6

PURPOSE OF DOCUMENT

Control and minimise the variety of electronic components to be used in
the METOP-1 project.

CONTENTS

The list shall contain an adequate range of components so to be capable
of satisfying a wide range of METOP-1 design applications. The
components shall be drawn from existing qualified and preferred parts
lists, current programmes and new technologies where sufficient
qualification data is available. The ESA preferred parts list ESA-PSS-
01-603 shall be used as the primary basis for components selection.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Declared Mechanical-Parts List

P-6.7

PURPOSE OF DOCUMENT

To establish a consolidated list of all mechanical-parts used in the
METOP-1 design.

CONTENTS
The DMPL shall include the following information

commercial identification

type of parts

manufacturer (s); procurement specifications or standards

summary of functions and characteristics

use and location

environmental code

criticality and hazards

approval status (with reference to the approval authority and to test
data)

In case of re-use of ‘fully qualified’ subsystems, boxes or items, the
corresponding mechanical-parts should not appear in the system DMPL. The
term ‘'fully qualified’ means that the status of the element is traceable
to a valid and complete qualification report containing a DMPL officially
approved by the relevant ESA authority. This list is to be attached to
the system DMPL for reference.

The information in the DMPL shall be presented in the format given in
PSS-01-700.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Configuration Management Plan

P-7

PURPOSE OF DOCUMENT

To define the planning, organisation and procedures used to manage the
configuration of METOP-1, including external and internal interfaces.

CONTENTS

The Configuration Management Plan shall

Include a milestone chart which depicts the CM activities and their
relationship to the major overall project milestones.

Describe the CM organisation. Identify the interrelationships, among
the contractor’'s software and hardware CM organisations.

Describe the organisation, authority and responsibility of the
Configuration Control Board (CCB).

Describe the methods for documents, physical items and software
identification.

Identify requirements for the standardisation, preparation, submission
and subsequent release of configuration documents and controlled
documents.

Describe procedures for identifying both formal and internal
(contractor) configuration baselines. All documents required to
establish each baseline shall be listed as well as the procedure to be
utilised for the control of such documents.

Plan the selection of configuration items.

Define procedures for processing of changes and waivers.

outline the recording, storing, handling, verifying, validating and
presenting of configuration status information.

Identify standard procedures for planning and conducting lower levels
technical and qualification reviews.

Describe interface management documents and procedures.

CM requirements imposed on subcontractors and vendors.

List of Configuration Items (Annex)
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Contamination Control Plan

P-8

PURPOSE OF DOCUMENT

To define the methods, procedures and responsibilities in achieving and
maintaining the cleanliness levels specified in the METOP-1 Satellite
Cleanliness Design Requirements (SY-23).

CONTENTS
Contamination Control Plan shall cover at least :

e Contamination allowance for performance degradation and rationale for
its selection.

e Cleanliness control management : tasks and responsibilities, schedule
wrt project milestone, reporting, facilities audits, etc.

e Contamination analyses and contamination budget definition.

e Contamination control requirements during fabrication, integration
test, launch.

® Measurements methods and cleanliness monitoring and verification
activities.

e Procedures for removal of contamination.
® Protection methods and provisions.
® Contamination controls to be exercised during testing.

e Contamination controls for packaging, transportation and storage.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Audit Plan

P-9

PURPOSE OF DOCUMENT

Provide information about planned audits of METOP-1 procurement sources.

CONTENTS

List the audits planned by the contractor. The list shall identify
subcontractors and suppliers to be audited, audit baseline, current

status and schedule, periodicity.
’
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE PA Audit Report

P-9.1

PURPOSE OF DOCUMENT

Provide information about results and actions of a PA Audit.

CONTENTS

The PA audit report shall contain

e composition of the audit team

® audit baseline

® audit activity summary

e company profile and activities

e identified areas of non-compliance
@ corrective actions and due dates

® overall conclusions
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Controlled Documents List

P-10

PURPOSE OF DOCUMENT

To provide information about the status of METOP-1 documents.

CONTENTS

The documents list shall present the current status of all documents
prepared under this contract and sorted by types.

The list shall provide the information for

identification

title

issue / revision / date

DRD No.

issuing company and distribution
approval category

contractual delivery dates
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE PA Progress Report

P-11

PURPOSE OF DOCUMENT

To provide a report on all PA aspects of the METOP-1 programme to be
provided at each programme milestone, review, progress meeting as part of
the overall METOP-1 System Progress Report.

CONTENTS

The report shall as a minimum contain the following information
e Accomplishments.

® Work in Progress.

® Work Overdue.

® Status of Problems.

e Status of EEE parts procurement activities.

e Future Activities.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Review Data Package

P-12

PURPOSE OF DOCUMENT

The provision of Data Packages for the Preliminary, and System
Requirements METOP programme reviews.

CONTENTS

The Review Data Package shall consist of the A, R and I documentation as
defined in the DRL for the review.

In addition, a dedicated review data package will be required. The
contents of this package as well as the scope, objectives and
organisation of the review itself will be defined in a review procedure
to be issued by the Agency at the Kick-Off meeting and 2 months before
the SRR.
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DOCUMENT REQUIREMENT DESCRIPTION

DRL NO. TITLE Fracture Control Plan

P-13

PURPOSE OF DOCUMENT

To define the planning, organisation and procedures to manage the METOP-1
Fracture Control Programme.

CONTENTS

Fracture control is a set of requirements and procedures involving the
application of analysis and design methodology manufacturing, inspection
and test techniques and operating procedures to prevent structural
failure due to the initiation of and/or propagation of flaws or crack-
like defects during fabrication, testing and service life.

!

The fracture control plan shall show how the contractor will perform the
fracture control tasks and verify the satisfactory completion. Each
fracture control activity shall be identified and defined, the method of
implementation summarised, and the implementation schedule specified
against project milestones. All requirements and procedures shall be
identified.
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AATSR
ADD
AIT
AIV
AMSU
AOCS
AOS
ASCAT
ASI
ASIC
AVHRR
BAe
BER
BPSK
CADU
CCB
cecs
CCSDR
CDR
CETeF
CFE
CFI
CFRP
CNES

COTS
CPS
CPU
CRB
CvCDU
DBMS
DCI
DCS
DDD
DMS
DMSP
DOD
DPA
DRD
DRL
DRS
DSL
DSPG
EEE
EEPROM
EGSE
EIRP
EM
EMC
EMI
EOPP
EPS
EPS
FAR
FEC

FMECA
FMU
FOM
FOV
FPM
GCOos
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Advanced Along Track Scanning Radiometer
Architectural Design Document

Assembly, Integration & Test

Assembly, Integration and Verification
Advanced Microwave Sounding Unit

Attitude and Orbit Control System
Acquisition of Signal

Advanced Scatterometer

Italian Space Agency

Application Specification Integration Circuit
Advanced Very High Resolution Radiometer
British Aerospace

Bit Error Rate

Binary Phase Shift Keying

Channel Access Data Unit

Configuration Control Board

Command & Control System

Consultative Committee Satellite Data Standards
Critical Design Review

Coordinated European Test Facilities
Customer Furnished Equipment

Customer Furnished Instrument

Carbon Fibre Reinforced Plastic

Centre National D’'Etudes Spatiales

(French Space Agency)

Commercial Off The Shelf software
Complementary Polar Satellite

Central Processor Unit

Change Review Board

Coded Virtual Channel Data Unit

Data Base Management System

Document de Contrdle de Interface (Ariane)
Data Collection System

Detailed Design Document

Data Management System

Defense Meteorological Satellite Programme
Department of Defence

Destructive Physical Analysis
Documentation Requirement Description
Documentation Requirements List

Data Relay Satellite

Depointing Signal Line

Distributed Single Power Ground
Electronic, Electrical and Electromagnetic parts
Electrically Erasable Programmable Read Only Memory
Electrical Ground Support Equipment
Effective Isotropic Radiated Power
Engineering Model

Electro Magnetic Compatibility

Electro Magnetic Interference

Earth Observation Preparatory Programme
Electrical Power Sub-System

EUMETSAT Polar System

Flight Acceptance Test

Forward Error Correction

Flight Model

Failure Modes, Effects and Criticality Analysis
Formatting and Multiplexer Unit

Flight Operations Manual

Field of View

Fine Pointing Mode

Global Climate Observing System



GICD

GOME
GPS
GSE
GS
G/T
HIRS
HRPT

IASI
ICD
ICU
IGBP
ITT
KLM
K/0O
LEOP
LHCP
LLI
LRPT
MCP
MDP
MGSE
MHS
MIMR
MLI
MLST
MMPP
MRB
MTL
NIU
NOAA
OBC
OBDH
OMI
PA
PDHS
PDR
PFCI
PMP
POES
PPF
PPL
PR
PROM
PSK
PTV
P/L
QPL
QPSK
QSL

RBI
RCI
RET
RF
RFC
RFI
RHCP
ROM
RSSB
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General Interface Control Document

Global Ozone Monitoring Experiment
Global Positioning System

Ground Support Equipment

Ground Segment

Gain over Temperature

High Resolution Infrared Sounder

High Rate Picture Transmission

High Voltage

Infrared Advanced Sounding Interferometer
Interface Control Document

Intelligent Control Unit

International Geosphere/Biosphere Programme
Invitation to Tender

Series of Meteorological Satellites (NOAR)
Kickoff

Launch and Early Orbit Phase

Left Hand Circulator Polarisation

Long Lead Items

Low Rate Picture Transmission
Meteorological Communication Package
Maximum Design Pressure

Mechanical Ground Support Equipment
Microwave Humidity Sounder
Multi-Frequency Imaging Microwave Radiometer
Multi-Layer Insulation

Mean Local Solar Time

Materials, Mechanical Parts, Processes
Material Review Board

Master Time Line

NOAA Interface Unit

National Oceanic and Atmospheric Adminstration
On-Board Computer

On-board Data Handling

Ozone Monitoring Instrument

Product Assurance

Payload Data Handling System
Preliminary Design Review

Potential Fracture Critical Item
Project Management Plan

Polar Operational Environmental System
Polar Platform

Preferred Parts List

Preliminary Review

Programmable Read-Only Memory

Phase Shift Keying

Performance Test and Verification
Payload

Qualified Parts List

Quadratic Phase Shift Keying
Quasi-Static Loads

Random Access Memory

Return Bus Interface

Reliability Critical Items

Radiation Evaluation Test

Radio Frequency

Radio Frequency Compatibility

Radio Frequency Interference

Right Hand Circular Polarisation

Read Only Memory

Remote Sensing Satellite Bus



RVT
R&S
R-S

ScaRaB
SDE
SEM
SEU
SOW
SRD
SRDB
SRR
SSR

S&R
TBC
TBD
TC
™
TT&C
TWT
UQPSK
UTC
vC
VCDU
WBS
WCRP
WPD
YSM
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Radiation Verification Test
Reliability & Safety
Reed-Solomon

Scanner for Radiation Budget monitoring
Software Development Environment
Space Environment Monitor

Single Event Upset

Statement of Work

Software Requirements Document
Satellite Reference Database
Systems Requirements Review
Solid State Recorder

Software

Search and Rescue

To be confirmed

To be defined

Telecommand

Telemetry .

Telemetry, Tracking and Command
Travelling Wave Tube
Unsymmetrical Quadratic Phase Shift Keying
Universal Time Clock

Virtual Channel

Virtual Channel Data Unit

Work Breakdown Stimulation
World Climate Research Programme
Work Package Description

Yaw Steering Mode

1994
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ERROR DEFINITION AND COMPILATION METHOD FOR POINTING AND RATES

H1.1 SCOPE

This method is applicable for the behaviour of specified parameters which
are not verified by direct measurement, but by a combination of test
results, simulations and analysis. The specified values related to
pointing accuracy of the relevant functional axes are defined in Annex A
to the SOW. Contributing parameters to these specified values shall be
governed by the content of this Annex.

H1.2 ERROR CHARACTERISATION FOR POINTING ERROR_SOURCES

Error components e; are classified according to their time dependence as
follows:

® Bias Errors
e, = b, where e, is a residual fixed offset error which is stable
throughout the PPF mission by definition.
Biases shall be assumed to have an yniform distribution such that
ibi|<B,.

® Drift Errors
e, = d, (T) where e, is a variation due to ageing effects, which appears
as a slow variation with time, but has no periodic character, with the
possibility also of discrete steps.
For the pointing budget drift contributions shall be taken with their
worst value and treated as biases.

® Harmonic Errors
e, = h, sin (2 7 t/T; + ¢; (t)), where the period of oscillation T; is
normally of the order of the orbital or half orbital period. T, may
however be much smaller or much longer in some cases. The error has a
mean of zero in that it does not contribute to bias error. The
amplitude h,(t) and phase ¢;(t) may be drifting.
For the pointing budget the worst h;(t) wvalue, H; shall be taken.

® Random Errors
e, = r, (t) where e; is an unpredictable manner, relatively quickly in
relation to an orbital period, in which there is no correlation
between successive realisations.
For the pointing budget these errors shall be assumed as having a
Gaussian distribution with standard deviation g;.

H1.3 COMPILATION OF POINTING ERROR SOURCES

The following compilation method shall be applied:

® Bias and Drift Errors
Biases and drifts shall be summed quadratically:

However, if b, is greater than IB,, then b, = IB;.

® Harmonic Errors
Harmonic errors shall be first summed linearly when having the same
period, unless non-zero phasing can be demonstrated.

hp, = EI H’
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h=\2Y hy?

However, if h, is greater than Ch,, then h, = Ch.

Afterwards they shall be summed quatratically:

e Random Errors
Random errors shall be summed quadratically:

2
’ﬂ/“E"/
® Total Errors

Total errors are either specified separately for biases, the
combination harmonic and random, and for the overall combination of
all categories.

Biases Total = b,
Harmonic and Random Total = (h?® + r2)?
Overall Total = (b2 + h? + r 2?2

e Calibration
1f possible, calibration will be used to reduce the effect of bias,
drift and harmonic errors.
The value of the concerned error then has to be replaced by the
calibration error and the intercalibration interval residual error
which must both be identified with their appropriate error
classification. The error reduction actually achieved depends upon the
calibration strategy.

If calibration is not performed frequently enocugh and with
sufficiently accurate references, aliasing and calibration errors will
adversely affect the overall accuracy.

Note: Aliasing errors are introduced when harmonic errors at the
time of calibration cannot be differentiated from bias and
drift errors.

Hl1.4 TRANSFORMATION OF ERRORS BETWEEN COORDINATE FRAMRES

The resulting errors which are not given in the relevant antenna
coordinate system must be transformed into this coordinate system.

Let an error in the satellite reference system be given through

€Md'
€ =| €y
. . €aw
and in the antenna reference system be given through 4
ecnnmh
6 = |8 yigvation

e
The transformation matrix shall be A. norma/
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Now the pitch, roll and yaw errors have to be transformed separately into
the antenna system, i.e. —

€ ptcn 0 Y
6,=A 0 || @=Al€m|. 6,=A| 0
0 0 €yaw

and will in general result in errors in all three axes of the antenna
system.

For a worst case consideration, the error in the antenna coordinate
system will be given through
enanmn'IGNle*lei.,l*l65‘,|

6 piovation™ |1 o1l * 162,44 * 164 4/l
emmmd=leﬁmol*|einol’leinol

For a statistical consideration the error in the antenna coordinate
system will be given through —

2 2 2

€ azimutn=Y ©1.a2* 2.0z 63,0z
2 2 2

€ siovaton™ \/91.d* 620t 83 g

emmnd=¢bfno*6£nd’Q;m

H1.S5 RATE ERROR COMPILATION

The rate error of the PPF caused by the AOCS in the frequency range (f,,
£,) :

]
W3, = QfOﬂdf*El w?
"

where ¢, is the monolateral power spectral density of the deviation from

nominal rate excluding periodic rate errors spectral lines. The entries
w, are discrete 3 o periodic rate errors, with amplitudes w;, e.g. caused
by thermal distortions or by cyclic payload instruments torques.

If some cyclic errors have a known phase relation, this shall be used to
determine the peak value for that set and this peak shall be considered
as a single entry and combined with other errors via RSS in the manner
shown.

REFERENCE FRAMES

H2.1 SCOPE

This section defines the following reference frames:

e LOCAL ORBITAL REFERENCE FRAME

e LOCAL RELATIVE ORBITAL REFERENCE FRAME

e LOCAL RELATIVE YAW STEERING ORBITAL REFERENCE FRAME

e SATELLITE REFERENCE FRAME
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® STRUCTURE REFERENCE FRAME

e PILOTING REFERENCE FRAME

e ATTITUDE REFERENCE FRAME

¢ SATELLITE OPTICAL REFERENCE FRAME

® ANTENNA LOCAL REFERENCE FRAMES

® INSTRUMENT OR ANTENNAS MOUNTING PLANE REFERENCE FRAMES

® INSTRUMENT OR ANTENNAS MIRROR CUBE REFERENCE FRAMES

® INSTRUMENT OPTICAL OR ELECTRICAL REFERENCE FRAMES

® LAUNCH VEHICLE REFERENCE FRAME

H2.2 LOCAL ORBITAL REFERENCE FRAME (T,R,L,)

The origin of the local orbital reference frame is the satellite in-
flight centre of mass 'G’.

The unit vector L is in the direction opposite to the Earth’s centre,
{geocentre] .

The unit vector R is perpendicular to L and in the vertical plane
containing V such that cos (V, R} > 0, where V is the absolute velocity
vector. The unit vector T completes the right-handed frame, (T = R x L).

This local orbital reference frame defines the absolute pointing of the
satellite for the fine acquisition mode 1 and 2 with T, R, L being the
pitch, roll and yaw axes respectively.

[T: Tangage, R: Roulis, L: Lacet].

H2.3 LOCAL RELATIVE ORBITAL REFERENCE FRAME (T,,R,,L,)

This Orbital Reference Frame is applicable to the fine pointing mode. It
has the same definition as the Local Orbital Reference Frame (T, R, L)
except for the local normal pointing:

- The unit vector L is parallel to the Local normal of the earth’s
reference ellipsoid which shall be the WGS 84 model as defined in
section 4.3.2.2. directed upward and crossing the spacecraft centre of
mass ‘G’.

This local relative orbital reference frame defines the absolute pointing
of the satellite for the Fine Pointing Mode (FPM) with T,, R,, L,, being
the pitch, roll and yaw axes respectively.

H2.4 LOCAL RELATIVE YAW STEERING ORBITAL REFERENCE FRAME (T’', R‘’, L‘)

This Orbital Reference Frame is applicable to the Yaw Steering Mode
(YSM) . It has the same definition as the Local Orbital Reference Frame
(T, R, L) except for the local normal pointing and for its orientation
with respect to the spacecraft velocity vector:

® Local Normal Pointing L' = L,

® The unit vector R’ perpendicular to L' is in the direction of V' which
is the velocity vector of the sub-satellite point relative to the
earth model surface (relative ground trace velocity vector) taking
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into account a place elliptical orbit with the orbital elements
specified in Section 4.3.11.

This relative yaw steering orbital reference frame defines the
absolute pointing of the satellite for the yaw steering mode with T',
R’ L’ being the pitch, roll and yaw axes respectively.

H2.5 SATELLITE REFERENCE FRAME (X, Y., Z.)

The origin is on the centre line of the spacecraft at its intersection
with the satellite/launcher adaptor interface plane. The X, axis
coincides with the longitudinal (downward vertical) axis of the satellite
on the launch vehicle. The Z, axis coincides with the outward normal to
the surface carrying the stowed solar array, and the Y, axis forms a
right handed orthogonal set.

In orbit, when the satellite is being yaw steered (see Annex 2), the
satellite orientation shall be such that the -Z, axis is aligned close
the downward local normal (Nadir), the -Y, axis is aligned close to the
ground track velocity direction and the -X, axis is such that (-X,, -Y,,
z.) form a right handed orthogonal set. Note -X, is close to the negative
orbit pole.

H2.6 STRUCTURE REFERENCE FRAME (X.p,Yer Z4r)

This frame is derived from the satellite reference frame by a 180°
rotation about the 2, - axis such that

Xy = -X
Y::T = 'Ys
Z.r = -Z

H2.7 PILOTING REFERENCE FRAME (X, Yor;Zon)

The Piloting reference frame to which the attitude control is performed.
The angles between the unit vectors of the reference frame (X,,Y,,2,) and
the local relative yaw steering orbital reference frame (T’', R’, L') are
the pointing errors due to the ABCS in yaw steering mode (YSM) after an
180° rotation around the spacecraft Z, axis {(i.e. positive pitch and roll
errors in the attitude reference frame are negative w.r.t. the local
relative yaw steering orbital reference frame).

The origin of the frame is the satellite centre of mass. The approximate
direction of the Piloting frame axes are:

Pitch axis parallel to X, = +X,
Roll axis parallel to Yy = +Y,
Yaw axis parallel to Z,;, = +Z,

This frame is characterised with respect to a satellite mirror cube, the
Satellite Optical Reference.

H2.8 ATTITUDE REFERENCE FRAME (X, Y, ,Z,)

The Attitude Reference Frame (X,,Y,,Z,) is that frame to which the
attitude measurement is performed.
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This frame is obtained by Translation of the Piloting Reference Frame
(Xprs Yorus Zpn) OXigin to the position of the AOCS optical sensor which
ensures the AOCS performances.

H2.9 SATELLITE OPTICAL REFERENCE FRAME (X, ¥s0;Zs0)

The satellite optical reference frame is defined by a reference mirror
cube located at a stable position on the payload module. It shall remain
visible throughout the AIT phase and pre-launch check out. A secondary
reference mirror cube shall also be installed as a back-up. The unit
vectors along ({Xg, Yso,2s,) shall be nominally parallel, ad in the same
sense to the unit vectors along (Xg,Ys,Zs). This reference frame shall be
used for payload and satellite level alignments.

H2.10 ANTENNA LOCAL REFERENCE FRAMES (X,\r,Y,errZuerl

The antenna local reference frame is specific to each antenna and there
is a fixed relation between this reference frame and the nominal
electrical characteristics of an antenna.

H2.11 INSTRUMENT OR ANTENNAS MOUNTING PLANE REFERENCE FRAMES
X s Yasr s Zancr).

This frame is defined for each physically separated unit (or antenna)
which composes the instrument.

The origin of the frame is the center of the Reference datum point which
is physically represented by the centre of the mounting hole in the
reference lug. One couple of axes will lie on the datum plane, defined as
the plane of the instrument unit lugs.

The axes of the INSTRUMENT OR ANTENNAS MOUNTING PLANE REFERENCE FRAME
(Xame» Yamp+ Zawp) Shall be nominally parallel to the SATELLITE REFERENCE
FRAME (X, Ys,Z¢) .

H2.12 INSTRUMENT OR ANTENNAS MIRROR CUBE REFERENCE FRAMES (x..,c,Y,.c,ch)_
For each instrument or antenna the mirror cube frame shall be realised
through a mirror cube located near the mounting plane of the
instrument/antenna.

The axes of the instrument/antenna mirror cube frame shall be nominally
parallel to the axes of the satellite optical reference frame.

H2.13 INSTRUMENT OPTICAL OR ELECTRICAL REFERENCE FRAMES (X, Y., 2,)

These observation frames are derived from Optical or RF measurements on
instruments or antennas and relate the achieved optical axis or
electrical pattern of an antenna with respect to an instrument or antenna
local reference frame.

The alignment of the Instrument Optical or electrical reference frame
with respect to the Piloting reference frame is achieved through the
Satellite Optical reference frame ad the Instrument or antennas mirror
cube reference frames.

H2.14 LAUNCH VEHICLE REFERENCE FRAME (X, Y. ,Z)

This is defined in the ARIANE 4 and ARIANE 5 Manual (see Annex A).



Doc.No.: MO-TN-ESA-SY-0029
Iss./Rev.: 1

Page: H9

Release Date: Sept. 1994

H3. FINE POINTING AND YAW STEERING MODES DEFINITION

The yaw steering mode will be the routine attitude pointing mode for the
satellite.

The fine pointing mode will be the intermediate attitude pointing mode
between fine acquisition and Yaw Steering Mode (YSM) for the satellite.
The fine pointing and yaw steering mode commanded reference frame are
derived from the fine acquisition mode command reference frame. In fine
acquisition mode the commanded reference is defined as follows:

® 7Zsg is aligned with the direction from the Earth centre to the satellite
centre of mass.

® Ysg is in the orbit plane perpendicular to Zsg closely aligned to the
velocity vector direction.

® Xsg = ¥Ysg A Zsg

Wwhere Xsg, Ysg, 2sg is the satellite reference frame translated to the
actual satellite centre of mass.

The fine pointing mode provide the following change to the fine acquisition
mode :

The 2Zsg axis (yaw) is aligned to the local normal (outward direction) of
the Earth reference ellipsoid. This modification is also implemented in
fine pointing mode.

The yaw steering mode provide the following change to the fine pointing
mode :

Compensation of Earth rotation effects is achieved by yaw steering the
satellite so that the satellite roll axis projected on the tangential
plane on the earth model surface at the geodetic sub-satellite point
coincides with the projected relative velocity vector (relative ground
trace velocity vector) between the geodetic sub-satellite point and the
earth model surface.

The local relative orbital reference frame and the local relative yaw
steering orbital reference frame applicable for the control law are
defined in para H2.3 and H2.4.

The rotation about the Xsg (pitch), Ysg (roll) and 2sg (yaw) axis to obtain
the fine printing and yaw steering mode commanded reference frames are
given hereafter:

(Only the first two rotations are necessary to obtain the fine pointing
mode) .

First rotation "roll" command about +Y¥Ysg
2 84, . . .
An=—e,-—-sm1cosrmna
a

The rcll correction is of orbital frequency with zero value at the
ascending and descending nodes with the maximum positive value at highest
northern latitude and the maximum negative value at highest southern
latitude. The amplitude is small compared to the pitch correction.
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Second rotation "pitch" command about +Ysg

sin2a

28. 2.2
At=-6, — sin“/
*a 2

The pitch correction is of bi-orbital frequency. The value is negative
between the ascending node and the highest northern latitude ad between the
descending node ad the highest southern latitude. It is positive between
the highest northern latitude and the descending node and between the
highest southern latitude and the ascending node.

Third rotation "yaw" command about +Zsg

§_iﬂi_c_os__a)

A{-arctan( N-cosi

[} . . .
The yaw correction is of orbital frequency and is positive on the ascending
orbit pass, negative on the descending pass and zero at the highest
northern and southern latitudes

With:

e, = fe (s-f,), eccentricity of earth ref. ellipsoid

fe = 1/298.257223563 oblateness of earth ref. ellipsoid

a, = 6378.137 (Km), semi-major axis of earth ref. ellipsoid

a = mean orbit semi-major axis = 7197.939472 km.

i = mean orbit inclination = 98.704663 deg.

o = orbital angle (¢ = 0 at the ascending node and ¢ = W + V
where W is the mean argument of perigee and V the mean true
anomaly)

N = number of orbits per day = 14 + 1/5.

H4. ASCAT DEFINITIONS
H4.1 WIND MODE DEFINITIONS

The performances of the ASCAT system can be split into two groups, the
spatial and the radiometric performances.

For both, the definitions and calculations of parameters are based on the
radar cross section estimate, ¢°, defined by:

S X Y0

60(.\‘0._»‘0) =
HIRF\, Cundxdy
XgYo

ARY

where (S(x,y) is the radar output signal, proportional to the received

echo power, and IRF, ,, (Xx,y) is the Impulse Response Function described below.

g
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The following definitions of performance parameters apply to each of the

3 beams

(otherwise specified) for each node in a swath around the orbit

for the mission lifetime of the instrument.

H4.1.1 The Spatial Performances

These performances are determined by the geometrical form of the IRF
and its dependence on the satellite pointing error. The following IRF
parameters are defined in the principal cut in each of the along track
and across track directions only:

Impulse Response Function (IRF)

The impulse response function IRF,,,, (x,y) is specified as the
two-dimensional response to a point target, at position x,, Y.
such that the effects of background clutter and thermal noise can
be neglected, x and y are the along and across track coordinates
measured on the surface of the earth reference ellipsoid.

Spectral Resolution

The two-dimensional spectral resolution is given by the width of
the system modulation transfer function, where the spectral
intensity reaches 50% of the peak value. The Modulation Transfer
Function, MTF,,y (X,Y), is specified as the Fourier transform of
the IRF, at frequencies X0, Y0, where X and Y are the spatial
frequencies of the MTP in the along and across track cuts, and
are expressed in km™.

Spatial Resolution

The two-dimensional spatial resolution (resolution, cell) is
defined in the principal cut in each of the along and across
track directions, as the width of the overall system impulse
response function (IRF), where the intensity reaches 50% of the
peak value (3 dB-width).

Peak Sidelobe Ration of IRF

The peak sidelobe ratio (PSLR) of the IRF is specified as the
ratio of the maximum value of the IRF to the highest level at any
point spaced more than one resolution cell distant (Fig. H4-1).
The PSLR shall be compatible with ambiguity and aliasing
requirements.

IMPLLSE | -
RESPONSE - = il I

N

FUNCTION j

INTENSITY . # PSL
Al

h(-.r)' /Cj

An, Ay aAn, Ay -,y[KN)

ax = spatisl]l resolution aiong track
ay = spatial resolution across track
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Fig. H4-1 : Definition of PSLR of IRF
Ambiguity Contribution to the Radiometric Resolution

The uncertainties due to ambiguities (e,,) are derived from the
scenario in Fig. H4-2. This describes the disturbance to a ¢°
estimate due to areas of high reflectivity outside the node
region. The reflecting area is defined as a "well" of size 200 km
along track and 150 km across track, with ¢° inside the "well"
centre incidence angle with 4m/s crosswind (i.e. minimum value)
and ¢° = 10 log (cos 8;) outside the "well".

The ambiguous contributions are defined by:

ambiguous - energy - contribution - from - outside - the - well
¢ . .
AM

cnergy - from - well

Aliasing Contributions

This describes the disturbance to a ¢° estimate due to a non-
uniform spatial distribution of the reflectivity field. The
uncertainties due to aliasing effects (¢,,) shall be based on a
uniform spectrum of target fluctuations.

The aliasing contributions are defined by:

ac® - from - outside - nonalias - region

€
AL Ao‘o < from - inside - nonalias - region

Where Ao¢° represents the contribution to the ¢° estimate and the
aliased contributions at a point in the swath are those arising
from received spatial frequencies outside a rectangular area
(non-aliasing region) of sides +1/50km™! centred on the two-
dimensional spectrum at the point.

Dynamic Range

The dynamic range is specified as the range of ¢° levels of a
uniform distributed target over which the performance
requirements applied.

Localisation Accuracy

This is defined as the maximum error in the estimate of the
position of a point target, determined by the point equidistant
between the -3 dB points of its impulse response measured in
along and across track cuts, separately for each beam.

Mid Swath Inclination Angle

Throughout the orbit, the instrument shall maintain a constant
inclination angle at mid swath (i.e. at the central node of the
19 nodes array) .

This angle is defined such that the incidence angle at the
nearest boundary of the cell surrounding the first node (i.e.
25 km closer to the satellite ground track than the first node)
is 25 degrees when the satellite is at its lowest altitude.
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Swath Width

The full performance swath width is the across-track ground range
over which the performance specification shall be met by the
final o° product. The reduced performance swath width is the
across-track ground range over which the ASCAT collects data.

In the wind processor on ground, a weighting function is applied
to the set of instrument measurement data in order to meet the
spatial and spectral resolution regquirements. The measurement
data covered by the weighting function arises from a large
scattering area on ground, and data from outside the full
performance swath is utilised to form the outer nodes of the full
performance swath. However, the in-orbit performance requirements
need to be met for all nodes of the full performance swath.

Sigma-0
N

OdB XY >t o0

- <

Min. Specified Sigma—0 at

0 appropriate incidence angle
&Xo,AYo

—2.04Xo +2.04 Xo

-1.5AYo +1.54Yo
aXo = spatial resolution along track

X=Along Track AYo = spatial resolution across track
Y=Across Track

4.

Fig. H4-2 : Ambiguity Scenario

The Radiometric Performances

These performances are determined by instrument parameters like
antenna gain, noise figures, calibration accuracy and stability of
sub-system parameters. They are characterised by the following
parameters:

Radiometric Resolution

The radiometric resolution K,,is specified as the ability of the
ASCAT to resolve between different values of radar backscatter
coefficient. It describes the uncertainty in a o° estimate due to
speckle and thermal noise. It is defined as the normalised
standard deviation of a ¢° estimate:

2
59 E(bo)
k - g% ="~

P00
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where E is the expectation operator, #° is the ¢° is the estimate
and ¢° is the true value.

Radiometric Accuracy

This describes the uncertainty in a ¢° estimate when the speckle
and the thermal noise are neglected. It is split into the bias,

defined as the average variation of normalised ¢° estimates with
respect ot true values per beam and per node index (across swath)
and the stability, defined as the rms variation around the bias.

Interbeam Radiometric Stability

The interbeam radiometric stability is defined as the maximum
permissible relative difference in the ¢° estimate, assuming
averaging over speckle and thermal noise, between any pair of
beams.

Cross Polarisation

It is defined for that part of the antenna far field pattern
bounded by the two-way half power beamwidth in the across-range
direction and by the full performance swath in the across-track
direction.

The peak components of the electric field vector in a place
containing the satellite local vertical and the direction of
propagation has a magnitude E,. The peak components of the
electrical field of view observed in a plane orthogonal to this,
which contains the direction of propagation has a magnitude E,.
The Cross Polarisation, x is defined as (in dB):




